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PREFACE 


T HE following introductory course of Experimental Science 
is divided into two parts—I Physics, II Chemistry—the 
former containing sections on (1) Measurement, (2) Hydro¬ 
statics, (3) Mechanics and (4) Heat. 

The book is based on the practical experience of practical 
teachers and every care has been exercised to provide a set 
of lessons which will not only educate the pupil but also 
maintain interest and attention. 

In the particular Secondary School where the course has 
been put to the test bv about 450 boys working in 16 classes 
(Forms III and IV), it has been found that the average pupil 
can, during two years, complete nearly the whole of Part I, 
Physics, by working for four periods per week, two of 
the periods running consecutively for laboratory practice. 
When, however, only four periods per week are allotted to 
science work, a part of the Section on Mechanics is deferred 
until the third year. 

Five of the writer’s colleagues, specialists in Mathematics 
and Science, have collaborated with him in reading proof- 
sheets and in giving the benefit of their experience and 
kindly criticism ; and he wishes to gratefully acknowledge the 
help of Mr L. Caldecott, B.A., B.Sc., Mr T. V. T. Baxter, 
M.A., B.Sc., Mr W. R. Cooper, B.A., Mr A C. Baggley, M.A. 
and Mr J. M. LI oir, M. Sc. 

The writer is especially indebted to Mr Lawrence 
Caldecott, Senior Science Master at the Liverpool Collegiate 
School, who has prepared, and has tested in his classes, the 
carefully graduated examples which form, in the writer’s 
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opinion, one of the most important features of the book. 
Continued and systematic working through these examples 
is essential and will ensure success for the pupils. Mr 
Caldecott has also given untiring assistance in contriving 
details of laboratory method which will help beginners to 
obtain with certainty accurate results even in difficult ex¬ 
periments such as finding the Coefficient of Expansion of 
a Gas and the Latent Heat of Vaporization of Steam. 

The writer acknowledges with thanks the permission of 
Messrs F. E. Becker & Co., Hatton Wall, Hatton Garden, E.C., 
to use diagrams Nos. 90,91,107, 138, 142-6, 160, 169,178a, 
181, 188, and 197. 

The author believes that the experiments chosen through¬ 
out the book are presented in a newer and simpler form per¬ 
haps than heretofore, and that this alone should justify the 
publication of another text-book on Experimental Science. 

The following are among the examinations which may 
be successfully taken after carefully working through Experi¬ 
mental Science, Parts I and II: Oxford and Cambridge Local 
Examinations—Experimental Science (.Junior), Chemistry 
(Junior), Heat (Junior, and Senior); Array Qualifying 
Examinations, Naval (Boy Artificers), Board of Education, 
College of Preceptors, and Examinations for Junior County 
Scholarships, which require Physics, Chemistry and Practical 
Mathematics. 

S. E. BROWN. 

Liverpool, 

Jan. 1917. 
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SECTION I. 

MEASUREMENT 

CHAPTER I. 

MEASUREMENT OF LENGTH, ANGULAR 
MEASUREMENT. TIME. 

1. Measurement of Length. 

Unit of measurement. A halfpenny is 1 inch in diameter. 
If five halfpennies placed in line, edge to edge, sti etch exactly 
across a book, we should then say that the width of the book is 
5 inches. An inch would be here the unit of 'urement. 

In ancient days a barley corn, a span and a cubit (the length 
of the fore-arm) were tluee among many units of length. Con¬ 
fusion arose because the unit varied. 

A golfer was once asked, “ How far is it to the t o- t-office 1 ” 
He replied, “A full drive, a brassy shot and an app'oach with 
the light iron a boy might have said that it was “eight times 
as far as he could throw the cricket hall.” If golfers always 
drove a ball equal distances or if all boys had exactly the same 
range in throwing, we might adopt one of these lengths as a unit: 
but it is not probable, for units mast be definite, simple and well- 
known. 

The British Unit of Length is the standard yard, 

which is (by Act of Pailiament) the distance (at 62* F.) between 
the lines on two gold plugs let into a certain bronze bar. This 
standard gar 1 is deposited at the Board of Trade Offices and 
there are copies kept at the Houses of Parliament, the Royal 
Society, the Royal Mint and the Greenwich Observatory. 

1 yard — 3 feet -- 36 inchi s, 

1760 yards = 1 mile. 


B e. p. 
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The Metric Unit of Length or standard metre was 

fixed by the government of France (1799) to be the length of a 
certain platinum rod at 0° 0. Accurate copies of the /standard 
metre are kept. 

It was intended that the length of this rod should be one 
forty-millionth part of the circumference of the earth measured 
on the great circle (meridian) through Paris and the North and 
South Poles. Later observation has proved that the calculation 
was not quite accurate. 

1 metre = 39'37... inches, 

1 metre (in.) = 10 decimetres (dm.), 

= 100 centime Ire a (csr.), 

= 1000 millimetres uam.). 

Therefore, by dividing in 1000, 

0 001 metre =.OOl decni'cti.'- 0 1 •.•eiit.iiu'iic - 1 m-.i-i'i >tie 

Hence we can alter the unit by all < r,.,„ l ! ,e if c'mnl point. 

Thus 4'321 meties - 13 2! dm. 43'.! 1 cm. - 4321 mru., 
and we can read the tpnn .jiv-, thut • 

4 metres 3 dcrimelt' . 2 ionium ties 1 millirnciie. 

1000 metres = 1 kilometre = £ mile (approximately), 

1 inch = 2-C4 centimetres. 

IS inches .= 33 centimetres. 

*Ex. i. You are provided v.iii; f. tul,./ divided into crnmntlrrt on one 
edge and inches on the other. Cop, the find. 3 inenea and 8 centimetres of 
this ruler accurately in your iuu ie.uk 

*Sx. ii. We not: o that ti.e Metric is a decimal system [Latin, 
decern = tenj 

10 milhtiiatrta -1 tent’inetre, 

10 cer ii*i\<aree =: 1 deu metre, 

10 deciiLotrea= .. 

# An asterisk * prefixed indicates that the Exeroise or Experiment is 
suitable fur the whole class to perforin. 

N.B. Ex. = Ex^rct*e, Exp. = Experiment, 
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Coutmuo this table va your cote book, iemeuibfinnj 2 oicter ot the ncite: 
w Uimctro (nuu.) [LlI mdle — 1000], c'iii>w (op } [Lm c* t t ram~ 100], 
dmmetre (dm.) [Lai Jecimut = a 10th]; metre del imvi re (Dm.) 

[Greek, deka — XQ), fcrrunelie (Hm ) [<ir Mafo7i=r H'Oj, kilometre (Km.) 
[Gr. c/it/to»=1000]. The sub-multipies lions) of d in* tre have name* 
derived from Latin, the prefixes! of the rnu't jVb him d( rive \ from Gieek* 

How to use a scale for measuring lengths. 

t orrent wrorc, C" r^rt 



Fly. la. Fig. lb. 


(1) Put the ruler on its edge so that the sea ! c if at. near as 
porn..!le t<i the object to be iiie>unt(.J {I'.g 1 b) 

(’1) See that the line of sight flop, the cyo to the s<ale is 
aK i.ys ot lijht atto’es to th< scale (Fie 1 •) [See aleo Exp. 
Chemistry, § 8, Parallax Error j io avo.d P.invl.ix iinor place 
the scale so that the graduation locks touch the Lira to be 
measured (Fig. 16). 

(3) Put one end of the object to be lr.ea -.uted exactly opposite 
to the first unit raw h (1 cm <ir 1 inch.', and remember *n reading 
the scale at tlie other end of the ohjtcl to subtract 1 fiom the 
number of units. See lb". *2 





4 75 ems | 1 la *■ 

Estimate by the eye to the 2nd decimal place. Thus in Fig 
the length of the object - 1 87 inch, 

* „ „ „ =4-75 cm. 

I K 


2 
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•Practical Exercises on Measurement ok Length 

1. Draw lines 1 , 2 , 8 and 4 inches long. Measure cm h line m milh 
metres and calculate the number M millimetres In one inch. Take the mean 
cf your four answers. 

1. Draw a line 2'4 inches long. Measure it in centimetres and calculate 
the number ol centimetres in one Inch. 

8 . Draw a line 8 D centimetres long. Measure it m inches. 

4 Draw a line AB 4 centimetres long and fron IS draw at right angles 
to AB a line BC S oentimetros long. Men-ure AC in centimetres 

6 . Measure the width ot the bench in d< cur tires and in feet and find the 
number of decimetres in one foot 

6 . Measure the length of the bench in yards and in metres and calculate 
the number of inches in one metre. 

2. Mea surement of Cur re < Llnee. 

Urraad. Draw a circle ol 5 cm raaius. Mark aDy point 
Pon the cirocmferei, e, then ’.lire thf cnl of c pi-ce ot 
cotton at tins po'nt an! j , r, loo t> e threa 1 on tho uroura 
fercnce, a Bin rt pi«cc as a turn round the circle, until the 
point p is reu^b.d again. Mtasure tire length of thread 
required on your scale. Repeal three time" and take tho 
moan of your results 

Wn'o. The mean or average ir obtuovd bv dividing 
th» sum of youi lesultj by the number of observations 
taken. 

•Ex. ii. "v Aiv'idora. Meaeuie the same eiroum 
f rener t r ng a ja.r of Cnelv pointed "dividers,” keeping 
the points of th<- eoi,ij.ar,ses exactly o-£ mn. apart. 

Ex ui Ey the Ppisonrctex {lit. "baokward 
rueasufii ) An cpMomeVr is a so ah whorl with a milled 
or finely toothed edge >et on r.n aco'llute ecrew as sxlo 
\?ig 3) The whtol tarr.es a mark which is adjusted to 
a pointer on the train©. Ttic wheel is then made to 
tiavel along the curve to be in- asured and the number of 
revolutions are counted. It is ilnn lifted from the curve 
and run b<i"l>waide for the same number ot revolutions 
n! a scale until the po.nti r i ‘ rr adjusted to its original position. 

Length of circumference ol ® = 31 4 «u. 


'Sx. i. By 

R 


\ 


V 


\S 

Fig. 8 . 
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1 _ 4 ] The Value of n 

S. To find the Ratio : 

Circumference of a Circle 
Diameter of the same circle 

•Bx. i. Tabulate all the results of § 2, including » ooluuin for the ratio 

- T. 

’Bx. ii. Make a email mark on the edge of the guen cylinder. Soil 
me cylinder along a piece of paper and measure ihe distance in om. 
between me two points where tbe mark consecutively touches the paper. 
Place the cylinder on the scale and measur*' its diameter in cm. 

Work out the ratio (r), 

circumference (cm.) 
diameter (cm.) ~ 

*Bx. iii. Wlrap a thin piece of paper onot lightly round the wyllader. 
Prick a hole through the paper and measure the distance in cru. between the 
pin-pucks on the unrolled papei to obtain the circnmfertuce. Find the 
ratio (r) 

‘Ex i* Wrap the pieoe of thread 10 times tightly mun i the cylinder 
without overlapping. Measure the length iu cm. nf thread tegnired and 
divide by 10 to obtain the circumference. Find the ratio (r). 

From thaw exerci-'ea wo find that— 

T ... . circumference 

In a circle the ratio — r .-- a constant, 

diameter 

= rr (pronounced pie), 

= 3 14159..., 

- 3-f - -\S (nearly). 

If r = radius of a circle, 2r = its diameter, 
then, 

circumference 

-n-*>*. 

2r 

.. the circumference of a circle = 2-trr. 

4. Other Measuring Instruments. 

'*». L Outside and In aids Caliper* (Fig. 4). 

Usa the eud AB for measuring the diameter of a 
cylinder and a sphere. Verify by finding the air- 
cmuference and dividing by t. 

The end Cl) may he opened inside a test tube 
aud the internal diameter of the tube found by 
measuring CD on a suitable scale. Fig. 4. 
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*Ejc. <L Tho Wsige. Cut a piece of Btiff paper, as straight as 
possible, with a sharp knife Divide its edge AB. with your scale, into 10 
oantimetre* (Fig. 6). Erect perpendiculars at the centimetre divisions. 
Waite BC eiactlyd cm. and cat off the wedge ABC with your knife. 
Measure the perpendiculars and note tnat thur lengths in millimetres equal 
the corresponding number on the cm. scale. Use the we ige for measuring 
the internal diameter of glass tubing. 



Fig. 6. 


* "Ex. in. Pig. 6 is a copy of 8 diagonal scale. Notice that a series ol 



Fig. #. 


" wedges” would be made by verting perpendiculars at the division marks of 
CD . Measure CD . Count the number of divisions in DC and CA . Use 
this diagonal scale and your dividers and mark off in your note book 
lengtlm = 0'2; 0 6; 1-8; 17; 1-04, 109; 1-26; 1-68; 1-97 inches. 

fi. The Screw. 

From a piece of “ inch h squared paper cot a paper wedge 
« in Fig. 5, but make AB = 12 inches, BC ~ 3 inches. Mark the 
perpendiculars at the inch divisions along AB. Then roll the 
paper round a pencil, laying BC along the pencil; the edge AB 
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The Screw Gauge 


must not overlap when wrapped (Fig. 7). Gum 
the point A down and observe that you have 
made a screw with the edge A C. Count the 
number of turns (here 8J-) and divide into 
3 inches, the length of RG. This gives the 
pitch or distance between consecutive threads, 
which will be the same throughout if the 
shaft of pencil tapers' to compensate for the 
increased thickness of the rolled paper. Apply 
the principle of the wedge and notice that it is 
possible to measure distances along the pencil 
with accuracy by noting the number of complete 
turns and the fraction of a turn which (say) 
length XT passes over when laid along the 
screw. 

Length of XY= pitch x number of turns 

~5T x ^a=if x V** 2-33 inches. 

“r 

8 . The Screw Gauge. 

A sorew is the most accurate instrument for 
measuring small lengths. The distance between the 
threads (the pitch of the sc-ewl is found by dividing 
the distance travelled by the end of the sorew when 
turned several times by the number of turnR. Thus in 
the particular instrument shown in Fig. 8, it the screw 
RFIIO is turned 20 times, the face of E moves through 



I cm.; therefore the pitch = cm. = 4 mm. Tire circular Fig. 7. 

head of the screw HQ is divided, on the circle II, into 50 divisions. If the 


screw is turned through say 17 divis ; ons, E will traved pj cf the pitch, i.e. 


through 

H x i = iVi= T7 mm. 

In using a screw gauge, ftrst 
sorew up until the faces D and 
E touch: the arrow ou H 
should then point to 0 on the 
frame. If this is not the case, 
note the fraction of a turn 



through which the milled hp»d 


Fig. a. 


1 Dae sandpaper to obtain the required •• taper.* 
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must be untcrewed 1 to bring the arrow on H pointing to 0. This fraction 
is called the Kero error and must be added to the result. 

Ex. i. To And ths diameter of the given wire. 

Bnter your results as follows: 

Zero error ... ... fj turns = x j mm. =0 11 mm. 

Number of oomplete turns 8 „ = 8xjmm.ol-50 mm. 

Additional fraotion of turn x J mm. =0'-47 mm. 

diameter of wire = 2 08 mm. 

Bx ii. Find the average thiokness of the piece of plate glati and the 
diameter of the tteel rod provided. 

T. The Spherometer. 

The spherometer is constructed on the same principle as a sorew gauge. 
It is used for measuring the radius of curvature of the faces of lenses 
which are usually segments of spheres. The zero position and tero error 

am found by placing '.he Bpherometer on 
a fheet of glass so that it stands on 
its rigid three legs (Fiig. 9). The Bcnw 
ie then turned until its point just 
touches the glass. If the zero (0) on the 
dividod circle ie not then opposite the 
upright scale, the screw is turned UDtil 
this latter position is obtained and the 
fraction (the tero error) is noted down. 
There Is now a space between the glass 
and the point of the screw, represented 
by the zero error, and the length of this 
space must be added to results, as directed 
' J ' in the use of the sorew gauge. 

8. The Vernier. 

Fractions of a scale division may be estimated by the eye 
with considerable accuracy after some practice. By means 
of a vernier , however, we can obtain the measurement with 
precision. Fig. 10 represents a scale in cm, below and a 
moveable scale or vernier above, by which readings to one-tenth 
of a scale division may be taken. If we are measuring 
the length of a bar, we lay it on the scale, one of its ends 
being at the zero and the other between (say) 46 and 47 on 
1 This method slways brings the tero error positive■ 
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the scale. The vernier is then pushed along the scale until its 
zero, indicated by the left-hand arrow, is exactly opposite the end 
of the bar. We now look along the vernier and find which of its 



VERNIER 

0 ■ C !! 4 s c , 

_l 1 1 1 t 1 1 

n n H 

1 1 1 

. . .. 

CT 1 1 1 1 i | i i i 

(45 44 | 4B 47 48 49 51 b2 S3 

< 45 CO 

> SCALE 

L j < 

^5 

1G 57 58 

| 


Fig. 10. 


divisions is opposite to a scale division. No. 8 is opposite 54. The 
length of the rod is then recorded as equal to 46'8 cm. 

By counting, we find that this vernier contains 10 divisions 
(between the arrows) and that these 10 vernier divisions = 0 scale 
divisions. 

Therefore 

each vernier division - T * ff scale division = T ' 0 cm., 
i.e. „ „ „ is ■j'jj cm. short of a scale division ; 

therefore if the 1st vernier division is opposite to a scale division, 
there is a space of or '1 cm. between the zero of the Vernier 
and the nearest division on the scale If the 2nd vernier division 
is opposite to a scale division this space equals yg or '2 cm. But 
the 8th vernier division is opposite to a scale division, therefore 
this space equals or - 8 cm. 

If the scale is in inches and we wish to construct a vernier 
reading to J inch, the vernier must bo made 7 inches long and bo 
divided in 8 equal parts. 

If the inch scale is divided into eighths and we wish to 
construct a vernier reading to r J T inch, the vernier must be Jinch 
long and be divided into 8 equal parts. 

*Ex. With the inch scale (divided iDto tenths) nee the piece of card¬ 
board provided to oonetruct a vernier reading to , or - 01 inch. 
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Diagram to tllastrate the me of scale and vernier. 


rr- i . 


iu ■ - - 

sssm 1 i j i 'i i 

tangs 


1 

9 2 

Til MINI 

’l T23 4. <129 

0 3 ! 

Til II 1 1 

11 32 33 34.15 36 1 T 
0 


Length ol rod = 12'6 scale divisions. 

Fig. 11. 

Memoranda on the u>e of Instrument* fitted with vernier*. 

(1) Count the number of divisions on the vernier, and 

(2) The number of scale divisions to which these are equal. 

Find the relative position of vernier to scale by sliding the vernier to the 
zero position; e.g. in Fig. 12, it is evident that, to find the distance between 
the jaws of the oaliperB, the scale on the calipers muBt be lead from the zero 
on the vernier. 



•. Graphic Representation of Length. 

By means of straight line* drawn to scale it is easy to compare 
various lengths, especially if they all are expressed in the same 
unit. 

ThuB in Fig. 13 a metre, a yard, a foot, the length of a cricket 
bat blade, the height of the wickets and the diameter of a bicycle 
wheel are shown by straight lines on squared paper drawn to scale 
1 mm. to the inch. 

Length has one dimension and may be represented by 
a straight line. 

Express the following lengths in yards end represent them 
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graphically to seals on squared paper: (l) a cham (22 yardH) or the length of 
the cricket pitch, (2) 100 yards, (3) hectometre, (4) 5 chains, (5) a furlong 



Scale: 1 mm. = 1 inch. 
Fig. 18. 


(10 chains), (6) a quarter mile, (7) the length of e.s. Olympic (880 feet). 
(8) height of St Paul’s (363 feet). 

10. Angular Measurement. 

When two straight lines meet at a point they are said to 
contain an angle.. When a line sweeps round in a plane about 
one of its extremities it is said to describe an angle. This turning 
of a line about one of its ends is seen in a watch. Imagine the 
minute hand to point continuously to 12 o’clock. The hour hand 
is allowed to sweep round in one direction, firstly to 3 o’clock, 
secondly to 6 o’clock, thirdly to 9 o’clock, and fourthly to 
12 o’clock again. The hour hand has accordingly described 1 , 2, 
3 and 4 right angles (Fig. 13 a), 
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Each right angle is divided into 90 degree* * 90*. 
an angle ol 2 right angles contains 180 „ = 180*, 



1 right 2 right 3 right 4 right 
angle angles angles angles 

Fig. 13 a. 


If the hour hand moves from 12 o’clock to 1 o’clock it 
describes an angle of £ of a right angle = 30’, if from 1 o’clock to 
3 o’clock, it describes 60’ and so on. 

ttx. llow many (a) degrees, (b) right angles, does the hour hand describe 
in moving (1) from 1 o’clock to 4 o’clock; (2) from 2 o’clock to 4 o’clock; 
(8) from 4 o’clock to 6 o’clock; (4) from 10 “paBt” to 24 “past”; (5) from 
17 "past” to 55 -past’’ (5 “to”). 

The sum of all the angles about one point in a plane 

= 4 right angles or 360°. 

A right angle contains 90°. 

1 degree (1°) = 60 minutes (bO*). 

1 minute (l') = SO seoondr (60”). 



Fig. 13 b. 
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Protractor. Fig. 13 6 shows two kinds of protractors 
superposed. Draw the protractor provided and explain its use 
by a diagram. 

Ex. i. Double a piece of paper along one of its edges. Halve the angle 
go formed by folding and again halve the angles so formed. Measure the 
number of degrees in each different angle in order of magnitude. 

Ex. ii. In a yacht race over a triangular course ABC, a yacht sailed 
from A to B (3 miles), from S to C (7 miloB), from C to A (0 miles) and 
again from A to B. Draw the course to scale and measure with your 
protractor the angles through which the yacht turns at B, G and A. 

11. Measurement of Time. 

The Sidereal Day. The Earth rotates on its axis once 
a day. Imagine that we have erected in a vertical position a 
smooth plant sheet of metal the lower edge of which points north 
and south. l!y looking along the surface of this sheet we should 
be able to see on clear nights that the pole star is always in the 
plana of which tho surface of the sheet is but a part and that the 
other stars seem to cross it as they move round the pole star. We 
know however that the stars are fixed and that the Earth is 
revolving on an axis which points to the pole star. We can 
imagine this vertical plane continued until it passes through the 
N. and S. Poles—it is called the plane of the meridian. If, 
night after night, we timed consecutive crossings or transits of 
any particular star through this plane we should find that there 
was always an interval of 23 hours 56 min. 4 secs. This interval 
of time is called a sidereal day. 

The Mean Solar Day. The Earth takes a year to travel 
round the Sun. Tt has turned on its axis in space 366 times, but 
to an obsorver on the Sun 365 times. If we time the intervals 
of the Sun's transit across the meridian [Solar Days] we find that 
they vary; for, although the meridian plane is sweeping through 
equal angles in equal times, the Earth is not moving at a uniform 
speed in its path round the Sun. The average length of the 
Solar Days is called the Mean Solar Day which is divided into 
24 hours, or 24 * 60 minutes, or 24 x 60 x 60 seconds. 

The Unit of Time is the mcar. solar second 
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12*. The Pendulum. 

E3-V- You wc ptovided with a ieaden ball about an 
u i*h in diameter u> which a strong juboe of thread id 
an ached by a small ring ♦nink into the lead. Clamp two 
of wood together and between them secure the 
tinead (Fig. L4). Fix the po.nt of auspension firmly to 
th* bench. Mark a chulk line on the floor vertically 
below the point of suspension. Let the pendulum swing 
so that its ampiirudo { — half tb« path traversed by the 
bob) is not greater than } of its length. 

(1) Uping the seconds band of your watch, take the 
time of 50 vJsrittivnt o t intervals between consecutive 
CiObBiugK over the chalk lme. Kotrieinbei to count 0, 1. 
2. 3. .. whore 0 is said at the beginning of the time 
ob MH’K-d. Itcpeat three times and take tlie me on or 
average and hence calculate the time ot one vibration. 

Note that the time of vibration it independent of the 
amplitude at long as the amplitude is smalt 

(?) Measure the length of the pendulum (AB) from 
the point of suspension to the centre of the bob. 

(3; Lengthen the jiendulnm and repeat yo ur observa¬ 
tions. 


Fig. 14 


Kecord jour results as follows: 


Ler 

>"th | 

Avp’^f’e 

Time of 

Time of one 

! Square ofTimeof 

L 

(“ 

L ) 1 

! 5l> YiJ; 

*tiv>ns 

Vibration ( = T) 

Vibiat'.on ( = 2’ 2 ) 

jn 

40 . 

' 1 

sins. i 

31-3 

tiers. 

0-63 Eec. 

0-397 sec. 

101 

60 

>» 

B»-5 

»> 

0-77 „ 

0 56$ „ 

101 

80 

»» 

4;. 0 

»» 

0 90 „ 

0-610 „ 

99 

100 

» 

4'.i 5 


0-99 „ 

0-980 „ 

102 

i:>o 

»» 1 

tl 

* i 

i 1-30 

1-210 „ 

99 


13*. Graphic representation of two varying 
quantitie s, e g. 

tiength of Pendulum 
Time of Vibration ' 

N.B. * placed after the number of a paragraph means that the paragraph 
maj Vet omitted jrr th* ,6r«: tint ef reading. 
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12-13] Graphic Representation 

We have learnt in § 9 how to compare length" graphically by 
means of lines diuwn to scale on squared paper. Let us extend 
the method to show at a glance how the time of vibrotion depends 
on the length of the pendulum 

Draw a horizontal line OX (called tho axis of X). Mark ofi 
from 0 lengths to represent the tui.e, if <uibiution in seevndt 
(Fig 15). 



At 0 draw a vertical line 0 Y (called the axis of F) arc) divide 
it so that we can measure vertical'y (from the axis of X) the 
varying length of the pendulum. 
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The centre of the bob of the pendulum is supposed to be 
always on the axis of X and is placed at a distance from 0 
representing the time of vibration. A vertical line is then drawn 
proportional • to the length of the string. For instance at a 
distance of 6-3 cm. from 0 along OX corresponding to a time 
of vibration of 0 63 sec. a perpendicular is drawn of length 
4 0 cm. corresponding to a pendulum 40 cm. long. The 
point of suspension is represented by A, the extremity of 
this perpendicular. Similarly the point B is obtained for a 
pendulum vibrating in 0'77 sec, and of length 60 cm. A scries 
of points A, B, C, D and E are obtained which may be joined by 
a line or curve. 

Intermediate values may bo obtained from the curve, e.g. the 
point P indicates that a pendulum of 70 cm. longth would vibrate 
in 0-84 sec. 

The “ slope of the. curve " at any point is found by drawing a 
tangent, {or line touching the curve) at that point. The “slope” 
shows us the increase in length for a given small increase in the 
time of vibration. We see that the “ slope of the curve ” becomes 
steeper as the time of vibration increases. 

The process of finding similarly a series of points from two sets 
of observations is called “ plotting a curve." If we take the squares 
of the times of vibration (column 4) with the coricsponding lengths 
of the pendulum to “ plot a curve,” wo find that all the points (a, b, 
c, d, e) obtained be nearly in a straight line. The “ slope of the 
curve” is then constant, i.e. 

, . ,. Length of pendulum . 

the fraction r . - ——,—— is always the same. 

Square of time of vibration 

Or, the length of the pendulum is proportional to the square of 
the time of vibration. 

The values obtained from our observations are shown in the 
last column, where 

= 100 (approximately). 

N.B. An oscillation is & complete “to and fro” movement: the time of 
*teillation = time ol vibration x 2. 
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Practical Exercises on Angular Measurement. 

1. Draw two lines crossing one another. Measure the four angles made 
by these lines and calonlate their sum. 

i. Draw a triangle, measure its three angles and find their snm. 

3. Draw a rectangle with sides IS om. and 20 cm and measure the angles 
between its diagonals, (o. J.) 

1 A parallelogram ABCD has the sides AB, AC 11 cm, and 7 cm. long 
respectively, and the angle BAC is 120 D . Draw the parm. finding D by a 
suitable construction with compasses. Find also (a) length of the per¬ 
pendicular from D on AB, (6) length of shorter diagonal, (c) area of parm. 

(O.J.) 

6. With centre 0 and a radius of 5 om. describe a circle. Mark off on 
the circumforence the following points in this order: A, C, D, E, B. Join 
AC, AD, AE, AO and BC, BD, BE, BO. By means of a protractor measure 
and record the angles thus formed at the points C, D, E and 0, and state how 
much bigger the angle A OB is than the others, (o. j.) 

6. ABCD is a field in which AB is GO yards, BC 80 yards and the angle 
at B is a right angle. The perpendicular from D on the diagonal AC Is 
40 yards. Draw an accurate figure (scale 1 inch — 20 yards) making the 
angle ACD = 45° and calculate the area as the fraction of an acre. (o. J.) 

7. Construct a right-angled triangle with hypotenuse iij inches and one 
acute angle 20° greater than the other, (o. i.) 

8. Draw a triangle of which two of the angles are respectively y0° and 
30° and one of the aides 8 cm. long. 

Determine by measurement what may be the lengths of the other sides, 
(o. J.) 

Examples I a (Straight Lines). 

1. How many era. are there in (a) 1 dm., (fc) 1 Din,, (c) 1 Hm., (d) 1 mm.7 

2. How many metres are there in (u) 100Q cm., (b) 200 dm., (e) 10 Dm., 
(d) 10 cm. 7 

8. Express in om. (a) 0*0067 km., (5) 507*65 m., ( c ) 0*65 mm. t 
(d) 0 6 Hm. 

4. Express in dm. (a) 7*105 kro., ( b ) 2*7 cm., (c) 0*067 Dm., (d) 0*0561 cm. 

4. Subtract (a) 0*0011 km. and 1055 mm. Give answer in cm. 

(5) 7*612 kra. and 6110 dm. Give answer in m. 


B. R p 


2 
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6. Add 205 Dm., 28 dm., 18 Hm., 47 m., 500 mm. 

Give answer in (a) metres, (5) kilometres, 

7. How many pieces of wire 14 cm. long oan be oat from a length of 
0-7 Hm. 7 

8. A six-inch line measures 15-24 cm. Find the camber of cm. in 
1 inch and the number of inches in 1 cm, 

9. If the height of the meroury in a barometer is 760 mm., what will it 
measure in inches? 

10. Four values obtained for the length of a line were 260 om., 
2600-5 mm , 26 dm., 2599 5 mm. Fmd average length of line in mm. 

11. Add together 755 cm., 50 Dm., 713 dm., 3 km. 

Give answer in metres. 

12. If a man walks at the rate of 3 miles an hour, how long will he take 
to travel 16-8 km.? {5 tniles = 8 km ) 

13. How many metre strides will be required to pace out a ericket pitch 
22 yds. long? 

14. A bar measures 24-13 cm. and fi 5 mohes Calculate the number of 
cm. in one inch. 

15. A book containing 240 pages is 2-8C cm. thick. What is the average 
thickness of the pages in mm. ? 

Exampi.es Ib (Curved Lives) * = ££. 

1. A spot of ink is placed on a ring, the radios of which is 1 26 om. 
Whon the ring is rolled across paper the distance between two ink marks is 
found to be 7 92 cm. What value dose this give for »-? 

2. Calculate the circumference of a circle the diameter of whioh is (<>) 7", 
(6) 8-6 cm., (c) 5 04 dm. 

8. Find the diameter of a oncle, the ciroomfctrncs being (a) 44 yds., 
(5) 15-4 cm. 

A Calculate the radius of a circle, the oircnmference of whioh is 
(a) 187 yds., (6) 89J mm. 

6. How many rings of diameter 3 cm. can be made from a piece of wire 
6-6 m. long? 

6. In travelling half a mile a bicycle wheel revolves 360 times. What is 
the diameter of the wheal t 
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Examples continued 
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7. How many flags will be required to mark out a oircular racing track 
of 70 yds. radius if the flags are placed 10 yds. apart! 

8. What distance In space would a spot at the equator pass through, 
owing to rotation, in 6 hours if the radius of the Earth at the equator be 
3963 3 miles! 

9. If the radius of a circular racing track measured from the centre to 
the inside edge be 70 yds., and the track be 3J yds. wide, how much farther 
will the man on the outside have to run than the man on the inside edge! 

10. Given that eleotricity travels 186,100 miles per second, and that the 
Earth’s 9quatoria) diameter is 7926‘6 miles, how many times could electricity 
travel round the equator in one second? 



CHAPTER n. 


MEASUREMENT OF AREA. 


14 . Area has two dimensions. 

In measuring the length of a straight line joining two points 
It is only possible to take one observation. Lenyth is said to 
possosB one dimension. But an area lias breadth as well as 
length. The area of a rectangular playground, for instance, 
50 yards broad ami 100 yards long, is found by considering that 
it is made up of 50 strips each orm yard across and 100 yards 
long, i.e. the area or extent of the surface of the whole playground 
iB 50 x 100 square yards. The rectangle is said to have two 
dimensions. We cat! imagine that a rectangle may be made with 
the same area as that of any plane figure that we can draw. 
Therefore any area has the same dimensions as a rectangle, i.e. an 
area has two dimensions. 


Uee of equared paper for measuring areas. 



100 small 
squares 


12 ^ ■+■ '£o + 1 <^£ 

= 60 squares. 
Fig. 16. 


~ 50 square*, counting only the 
squares gftatei than lialf squares. 


Hx. i. In Fig. 16 three figures have been drawn, and ii is evident from 
inspection of A and ft that the area of each ie obtained by counting the small 
squares. The area of C may be obtained by counting only the small squares 
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14 - 16 ] Measurement of Area 

(enclosed by the lines o( the triangle) which are greater than half-squares: 
these are inchoated by dots placed in the squaree which must be counted; the 
rest may be neglected. 

16. Practical Exercises on Area . 

L On millimetre squared paper draw two squares with sidee 
1 om. and 1 dm. respectively. Find from these the number of 
sq. mm. in 1 sq. cm. and the number of sq. cm. in 1 uq. 
dm. (see Fig. 17). 



1 eq. cm. = 100 sq. mm. 1 sq. dm. = 100 sq. cm. = 10,000 sq. mm. 

rig. 17. 































22 Experimental Physics [ch. n 

2. Draw two squares with sides 1*5” and 2" respectively. 
Find the number of sq. mm. in each and obtain two values for the 
number of aq. mm. in 1 sq. in. Take the mean of these (see 
Fig. 17). 

8. To find the area of a parallelogram. Draw a rect¬ 
angle ABCD (Fig. 18) with base AB -- 1 -5 cm., height BC = 2 cm. 
On DC produced take point P. 5 mm. from C, snd a point F 
20 mm. from C. Join A E and BF. Find the area of the parm. 
(-- parallelogram) AEFB by counting squares. 



Area of parallelogram = Area of triangle = 

■Fig. 18. Fig. 19. 


<Wfba.t is the difference between the area of the pann. and the 
area of A BCD, the rectangle on the same base and of same 
perpendicular height! State rule for finding area of any parm. 

Area of parallelogram = 

4. To find the area of a triangle. Draw a line AB 

2 cm. long (Fig. 19). From B draw a perpendicular BC 2 cm. long. 
Join AC. Find area of &ABC by counting squares. Draw AD 
parallel to BC, and CD parallel to AB. Find area of rectangle 
A BCD. 
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16 ] Triangle anil Trapezium 

What relation is there between area of rectangle and area 
of triangle on same base and of same perpendicular height? Take 
any point E on DC produced. Join AE, BE and find area of 
&AEB. What is the difference between area of txAEB and of 
<\ABG\ Give the rule for finding the area of any triangle. 

Area of triangle = 

5. To find the area of a trapezium. Draw a line 

ABCD (Fig. 20), making AB = 2 cm., BC = 2 cm., CD — 1 cm. 
JLaik points E and F 2 cm. vertically above B and C respec¬ 
tively. Join AEFD. Find area of trapezium 1 AEFD so formed 
by counting squarea Bisect AB at H, CD at L and construct 



Area of lrape 2 iuma 
Fig. 20. 

rectangle on base EL of came height as trapezium. State 
(ft) diligence between the area of this rectangle and the area of 
the trapezium, (b) difference between UL and the mean of EF 
and A D, (c) rule by which area of any trapezium may be found. 


1 A trapecium is a 4-sided figure with two of its sides parallel. 
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Examples II a. 

Rectangle, Parallelogram, Trianqlb and Trapezium. 

I. How many sq. cm. are there in (a) 1 eq. in., (b) 1 sq, mm., (e) 1 Bq. dm., 
(d) 1 Bq. Dm.? 

3. Express in sq. m. (a) 35 eq, dm., (5) 2'5 sq. Dm., (c) 625 eq. om., 
(d) 100 sq. mm. 

8. Add 0 005 eq. m., 0’S eq. dm., 600 sq. mm., 6 eq. Dm. 

Give answer in eq. cm. 

4. II 1 inch— 2-54 cm., how many sq. cm. are there in 1 sq. ln.J 

6. How many eq. yds. are equal to 1 sq. m.? 

6. Find the area in sq. cm. and eq. m. of a rectangle 3 6 dm. by 270 mm. 

7. How many visiting cards 7 6 cru. by 38 mm. oan be out from a square 
piece of cardboard the side of which is 3'8 dm. long? 

8. What length of carpet 2' 8" wide will be required to cover a floor 24 sq 
ydB. in area? 

9. What is the difference between 7 sq. cm. and a 7 cm. square. 

10. A sheet of note-paper ia 4-41" or 11 -2 cm. wide and 7" or 17 85 om 
long. Calculate its area in sq. in. and sq. om. and find number of eq. cm. in 
1 sq. in. (to 2 decimal places). 

II. Find the area in sq. cm. of a a (a) with base 8-2 cm. and per¬ 
pendicular height 30 mm., (5) with base 6" and height 10 om., (c) with height 
x cm. and baso = $ height- 

12. Find the height of a A with (a) base 40 mm., area 7 sq. cm., (6) base 
70 mm., area 01925 Bq. dm., (c) base = twice height, area = 144 eq. in. 

18. The area of a parallelogram, whose base is one-third the height, is 
75 sq. cm. Calculate height and base. 

14, A trapezium has two parallel sides 14 cm. and 30 cm long and the 
perpendicular distance between these is 8 cm. Find area of figure. 

15. If the pressure of the atmosphere is 16 lb. per sq. in., what is the 
preBBure on 1 sq. om.? 

17. Practical Exercises on Area of Circle, Cylinder, 
Cone and Ssphere. 

1. To find the area of a circle. Draw on inch squared 

paper a circle of diameter 2" (Fig. 21). Find area by counting 
squares. Divide this by the area of the square on radius of 
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circle. Repeat with a circle of a different diameter. Give rule fer 
finding area of any circle. 



Fig. 21. 

Area of a circle = 

2. Draw a circle of diameter 6”, Divide into 16 equal 
sections by lines through the centra Out these out and fit them 
together to form a parallelogram (Fig 22). Measure base and 



Fig. 22 


height of this parallelogram and compare them with the radius and 
circumference of the circle. Suggest formula for area of a circle. 
Area of © = Sum of areas of As 

Sum of bases x height 
= 2 


circumference of © x radius 


lirr x r 
2 


= ?rr* 








2 tJ Experimental Physics [ch. ii 

3. To find the area of the curved surface of a 
cylinder. Cut out a piece of paper which will just wrap round 
a cylinder. What measurements of the cylinder will give the 
length and breadth of this paper 1 

Deduce the rule for finding the area of the curved surface of 
any cylinder. 

Area of curved surface a 

4. To And the area of the curved surface of a cone. 

Out out a piece of paper that will just cover the curved surface. 
Divide it into As by lines drawn from vertex to points equally 
distant along base. How could the area of the paper now be 
found 1 "What- measurements on the cone are equal to the height 
and the sum of the bases of these As. State rule for finding the 
area of the curved surface of any cone (= Ttr x slant height). 

5. The area of the surface of a sphere 

= the area of the curved surface of the circumscribing cylinder 
* 2irr x 2r = 47rr 1 . 


EXAMPLES II B. 

Area of Circle, Cylinder, Cone and Sphere. 

L Find the area of a circle of radius (a) 4 cm., (b) 1-4", (c) 0-56 dm. 

3. Calculate the radius ol a circle of area (a) 154 sq. am., (5) 314$ sq. in., 
(c) 13-86 sq. dm. 

3. What is the area oi a circle the oircumfereuoe of vrhioh is (a) 44", 
(5) 26-4 cm., <c) 22 cm.? 

4. Find the area of the cursed surface ol a cylinder of (u) height 6-8 om., 
diameter 44 cm., ( b ) height V 2", diameter 10", (c) height 16", diameter 
8-4". 

5. What is the height of a cylinder if (a) diameter = 7 om. and area 
of curved surluco = 176 sq. om., (b) diameter = 10 om., area = 704 sq. dm., 
(c) radius = 31-6 mm., area = 158-4 sq. om.? 
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Examples on Area 


6 . Calculate area of curved aurface of the following cones t 

(а) Slant height 7"; radius of base 5". 

(б) „ „ 8 cm.; diameter of base 5 cm. 

<«> * S cm.; circumference of base 10 cm. 

7. How much leather ia required to cover 

(a) a cricket ball of diameter 2T, 

(4) a football of diameter 9" f 

8. Find the area of a oircular racing track if diameter of inner circle la 
140 yds. and width of track Hi yds. 

9. The pressure of the steam inside a boiler is 80 lb. per sq. In. What 
is the pressure on a circular valve of diameter 3$"? 

10. How much canvas will be required for a round tent of diameter 6 yds. 
lft. and height 8 ft., with a conical top 9yds. high? 


Summary oy Formula*. 

Area of parallelogram = base x perpendicular height. 

, , , base x perpendicular height 

Area of triangle =- - -. 

Area of trapezium =*half sum of parallel aides x perpendicular height 

Area of oircle —rr*. 

Area of curved surface of cylinder = 2rrl. 

Area of surface of sphere stir 1 . 



CHAPTER III. 


MEASUREMENT OF VOLUME. 


18. Volume has three dimensions. 

Volume measures the apace a body occupies. You are given 
eight one-inch cubes. Note that each face 
is a square. The volume of each is called 
one cubic inch. Their total volume is the 
same whether you pile them (o) one above 
the other, or (b) build them to form a cube 
each edge of which measures 2 inches 
(Fig. 23 a). 

The area of the base x height gives the 
volume. 

In (a) 1 inch x 1 inch x 8 inches 

= 6 cubic inches ; 
in ( b) 2 inches x 2 inches x 2 inches = 8 cubic inches. 

The volume of a solid depends therefore on three dimensions — 
length, breadth and height. 

*Bx. Find the number of cable centimetre* in one anblo tncli. 
Measure the edges of oue of the blocks in centimetres. 

Length x breadth x heights volume, 

1 inch x 1 inch x 1 inoh = l* = 1 cubic inch, 

2’54om. x2'54 om. x 2'64 cm. = (2 54 om.)'= 16-30 on. cm*, (c.o.y. 

Metric System. 

A cubic decimetre s 10 x 10 x 10 c.c. 

= 10 3 c.c. = 1000 o.o. 



This volume is called a litre. 
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A Litre = 1000 c.c. = If pints (nearly). 

1 cubic metre = 100* c.c. = 1,000,000 c.c. = 1000 litres. 

British System. 

1 cubic foot = 12* cu. ins. = 1728 eu. ina. 

1 cubic yard = 3* cu. ft. = 27 cu. ft. 

1-31 cubic yards (approx.) - 1 cubic metre. 

19. To find the Volume of" a Prism. 

A right-prism is a solid enclosed by two parallel planes, 
connected by rectangular sides. 

We can build prisms with the 
8 inch-cubes, and we have already 
seen that the volume Is obtain¬ 
ed by multiplying the area of 
the base by the height. 

In Fig. 23 5 t> triangular, a 
rectangular and a hexagonal prism fV. 23 b, 

are shown. Inspection tells us that by varying the height we 
can vary the volume of the prism, t.s. tlio volume ta proportional 
to the height. 

The cylinder is a right-prism with an infinite number of 
sides. Its base is a circle (Fig. 21). 

The vol. of a cylinder = orea of the base x height 

= vi 2 h~ 




Fig. 24. Fig. 26. 
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SO. To And the Volume of a Pyramid. 

If we join the opposite corners of a cube of edge o, we shall 


divide it into six equal pyramids (Fig. 25), each of volume ^ 


The base of each pyramid = a*. 


The height of „ „ - ^ • 

The volume of „ „ = a* * ? x ^ = % . 

i J C> 



Fig. 26. 


The volume of a pyramid 
s £ base x perpendicular height. 

A pyramid may have a base of 3, 4, 6 »r mor< 
•ides. 

To find the Volume of a Cone. 

A cone is a pyramid whose base is a 
circle (Fig. 26). 

The vol. of a cone = >7/r 2 A. 


21. To f ind the Volume of a Sphere. 

We imagine the surface of a sphere to l>e divided into an 
infinite number of small figures, each 
of which is practically a plane surface 
(Fig. 27). We can also imagine the 
corners of these figures joined to the 
centre of the sphere, thus making an 
infinite number of pyramids with their 
tops (or apices) at the centre, all having 
the Bame height, r (the radius of the 
sphere). The sum of these small 
Fig. 27. pyramids is the volume of the sphere 

and their total base area is the whole surface of the sphere. 

The vol. of the sphere 

= J sum of bases of the pyramids x height 
= | surface of the sphere x radius 
*= | x 4t r* x r - J nr 3 . 
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•praetioal Exerclsa. Find the volumes of the given (a) cylinder and 
(6) sphere both in cu. inches and o.o. and calculate the number of o.o. in one 
eo. inch from each set of results. 

22. The use of Measuring Flasks, Graduated 
Cylinders, Pipettes and Burettes*. 

(a) Flasks of sizes S0c.c., 100 c.c., 250 c.c. and 1000 c.c. (litre) 
are made with narrow necks on which a graduation mark is 
etched according to the capacity (Fig. 28 a). 



(b) Cylinders (Fig. 28 6). Cure must be taken to note 
the number of c.c. corresponding to the graduation find to see 
that the reading is taken from tho bottom of the meniscus (or 
curved surface of the liquid). The volume of a small solid may 
he obtained by lowering it carefully into water in the cylinder, 
and noting the rise of the surface. 

(c) Pipettes (Fig. 28 c) of definite volume are filled by 
sucking up liquid to a mark on the stem, the end is then closed 
with the finger by which the outflow of liquid may be controlled. 

( d) Burettes (Fig. 28 d) are long narrow tubes, generally 
1 To guard against Parallax Error, read Exp. Science u. Chemutry, ^ 8. 
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graduated to c.c., and having a delivery tap by which small 
quantities of liquid may be run out with great accuracy. 

23. To find the Volume of an Irregular Solid. 

Mention has already been made (§ 22 b) of a method of 
finding the volume of a solid by noting the rise of the surface of 
the water in a graduated cylinder when the solid is carefully 
lowered into it. The method shown in Fig. 29 is on the same 
principle but the water displaced overflows and is caught and 



measured in a burette. Water is poured into the upper cistern 
until some of it runs through the internal tube into the burette. 
When the water has ceased to drop the burette reading is 
taken (say 47 - 6 c.c.). The solid, the volume (F) of which is 
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required, is then carefully lowered into the cistern and the over¬ 
flow is noted hy reading the new level in the burette (say 20 - 2 c.c.). 
The diffeience (47’6 — 20‘2 = 27-4 e.c.) gives the volume, V, 

required. 

•practical XSxerclsea. 1. A cvlmder and a done of equal bases and 

equal heights are given; prove “ by displacement ” that the volume of the 
oone = } volume of the cylinder. 

*2. Having measured the diameter of the given sphere with the calipers, 
devise a displacement method (see Fig. 30) for finding its volume, and verify 
the formula V=\vr>. 

*8. Two spheres are provided, the diameters of the one being double 
that of the other; prove that their volumes are as 1: 2*. 

Examples III a (Volume). 

1. How many aubia centimetres are there in (a) 1 e.m., (6) le.mm., 
(r) 1 c.dm.? 

2. Express 12345 o.o. in (a) o.m., (b) o.mm., (c) c.Dm. 

3. How many cubio metres are there in (a) 0’0007 o.Dm., (6) 1231 o.a., 
(c) 567 c.dm., (d) 6800 c.mm.? 

4. Add together 0-005 c.m., 500 c.c., 5000 c.mm. Give answer in c.dm. 

5. A box is 3 dm. long, 20 cm. wide and 80 mm. deep. Calculate its 
volume in o.o. and c.dm. 

6. If there are 25 i mm. in 1 inch find to three decimal plaoes the 
number of o.nim. in 1 cubic inch. 

7. How many cubic deoimetres are there in 1 oubio foot? 

8. What are the volumes of rectangular blocks of wood of the following 
dimensions: (a) 8" by 52" by 0'6", ( b ) 0‘178m. by 12 dm. by 9 mm.? 

9. Calculate the height of a reotangular box of 

(«) volume = 231o. in., area of base = 55sq. in., 

(A) volume=0’84c.m., Iength = S0 cm., breadth = 7dm. 

10. Find the volume in onbic oentimetres of a triangular prism fl 5 cm. 
high 

(a) if base of triangle = 3 cm., height = 22 mm., 

(b) if base of triangle = 4'2 cm., height = 1 inch. 

11. Express in o.o. (a) 0 - 011 litre, (b) 600 centilitres, (e) 64 millilitre*. 

12. Add togother 0'25 litre, 500 millilitres, 0 - 5 decalitre, 60 deeilitres 
Give answer in oubio centimetres. 

13. What difference is there in o.o. between -006 o.dra. and -06 litre? 

s 


B K. P 
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14. If a tank measures S dm. by SO cm. by 400 mru., how many litres of 
water will it hold ? 

15. A tank is 1*8 m. long and 90 em. wide. A decalitre flask can ba 
filled 81 times from the tank. Find the depth. 

18. How many days will a hectolitre of oil last for 8 lamps each burning 
i pint a day. (1 litre = 1-76 pint.) 

Examples III b (Volume of Cylindek, Conk, yprisnu 
and Pykamid). 

1. If the length of a burette from 0 to the 10 o a. mark is 9 cm., what is 
the area of cross-section in square millimetres? 

2. How many metres of wire of O' 4 sq. mm. eroeB-seetion can be drawn 

from 6 o.o. of metal? 

8. The internal diameter of a piece of glass tubing is 2 mm. What 
length of the tubing will hold 0 55 c.e. of water? 

4. The volume of a piece of wire 4000 cm. long is 31$ o.c. Calculate 
the diameter of the wire. 

6. The circumference of a cylinder is 44 cm.: its volume 1540 o.o. 
Find its height and diameter. 

6. Calculate the volume of a cone (a) 6 cm. high, of radius 6 om., 
(b) 10 cm. high, of diameter 4-2 cm. 

7. A cone 7 cm. high and of diameter 3 em. just slips into a graduated 
oylinder. How much water mast be poured in to raise level to apex of cone T 

8. Find the height of a cone which has the same base and volume as a 
oylinder 4 cm. high, of radius 21 cm. 

9. How many cubic feet of gas will be contained by a balloon 42 ft. in 
diameter? 

10. Calculate the volume of a sphere whose surface is 618 sq. om. 

11. A lead bullet of diameter 6 mm. is beaten out into • oircular disc of 
diameter 10 mm. What will be the thickness of the disc? 

12. Find the ratio of the volumes of a cylinder, cone, and hemisphere of 
the same base and height. 

13. The largest gasometer in the world is 300 ft. in diameter and 180ft. 
high. How much gas oan it hold? 

14. A square pyramid is 8 inches long and 8 inches high. Find its 
volume. 

15. A square pyramid is 12 cm. long and its Biant height is 10 cm. 
Calculate Its volume. (The ilant height is the short distance, measured on 
one of the faces, from the apex to the side of the base.) 



CHAPTER IV. 


MEASUREMENT OF MASS AND WEIGHT. 

24. Maaa. 

The mass of a body is the quantity of matter which it contain*. 

Matter is difficult to define; all objects around us—earth, 
water, air, wood—are different forms of matter. 

(1) Matter occupies space, 

(2) Matter u inert, i.e. it has no power in itself to move, if 
it is at rest, or, if it is in motion, to cease moving. 

(3) Every tittle piece ( particle) of matter in the universe 
pulls or attracts every other particle to it. The shorter the distance 
between two bodies and the greater their masses, the greater is 
their attraction to each other. 

Weight. 

The pull or attraction between the Earth and a body, such as 
a stone, we call the weight of the stone. The pull may be 
measured by a spring balance. If we were to hang a stone 
to an accurate spring balance at the Equator, we could record 
the pull of the Earth or tbe imight of the body at the Equator. 
As wc move N. or S. towards the poles, the spring balance would 
record a greater pull The stone is nearer the Earth’s centre a* 
we move N. or S. from tho Equator, the Equatorial radius being 
greater than the Polar radius; hence the Earth's pull on the stone 
or the weight of the stone is greater at the Poles, although its mass 
remains the same. Weighed at high altitudes in a balloon, the 
stone’s weight would be leas. 


S--3 
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25. How to compare Masses. 

(1) A “pair of scaleB,” with equal arms (§ 27), is need to 
balance one mass with another, A pound mass of lead and a 
pound mass of nails once balanced at any place, in London for 
instance, will always balance anywhere, because the pull of the 
Earth on each mass in the balance pans is the same at one place. 

(2) By the spring-balance. But if the lead, hung on a 
spring-balance, is carried to the Poles, and if the nails, also 
suspended from a spring-balance, are carried to the Equator, the 
lead weighs more and the nails weigh less, as explained above. If 
then weight as recorded by a spring-balance is to be taken as a 
measur e of mass, the place of observation must not be changed , 
weight being then proportional to mass. 

26. The British Unit of Mass—the Pound. 

We can compare masses by balancing them against the same 
mass. The particular British unit chosen is the mass of a piece 
of Platinum kept at the Boaid of Trade Offices, and is called the 
Imperial standard pound. 

One pound (Avoirdupois) — 19 ounces — 7000 grain*. 

The Metric Unit of Mass—the Kilogram is the amount 
of matter in a piece of Platinum kept by the French Government. 
The mass of this standard kilogram (100< l grains) is equal to 
the mass of a litre (1000 c.c.) of pure water at 4 C 
In the Metric System there is therefore a connection between 
the unit of mass and the unit of volume 

1 kilogram = 1000 grams - 2-8 lbs. Av. 1 

I hectogram = B'O grams. 

1 dekagram = 10 grams. 

1 gram = mass of 1 c.c. of water at 4“ O. 

= 15 “32 grains. 

O'l gram = 1 decigram. 

0-01 gram = 1 centigram. 

O'OOl gram = 1 milligram. 


1 ounce (avoirdupois) = 28'35 grams. 
1 Mors accurately 2-205 Avoirdupois. 
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25-27] 

27. The Balance consists of a rigid beam (Fig. SI), 
supported at its centre by a 
knife edge C which rests on 
an agate plane attached to a 
vertical support. Two pans 
of equal weight are hung on 
knife-edges (A and B) at the 
ends of the beam, the essential feature of the balance being that 
the distances of the outer knife-edges from the central knife-edge 
are equal, i.e. ths “ arm ” AC = the “arm” CB. The knife-edges 





Fig. 32. 


and agate planes on which they rest are easily damaged. Various 
mechanical contrivances are attached for levelling and for lifting 
the knife-edges from the agate planes. Carefully examine the 
balance which you are using. Notice that the amount of swing 
is shown by a pointer attached to the beam. To obtain an 
accu ate weighing, it is of the utmost importance that the pointer 
should swing evenly to equal distances on each side of the central 
line of the scale attached to the support 

Fig- 32 shows the essentials of a simple balance —equal arms 
AA, a lever to raise the plane on which the central knife-edge 
rests, and nuts or screws SS adjusted to obtain an even Rwing 
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before weighing: weights VF, W t placed in the panB will have 
equal masses when the balance again swings evenly. 

38. Rules to be observed In Weighing. 

1. See that the weights are eorreot before and after use and that the; 
are in their right places in the box. The weights should be multiples and 
submultiples of 5, 2, 2, 1 gT&ms or 5, 2,1, 1. 

2. Never put anything on, or remove anything from, the p&nB when the 
balance is free to swing, and never leave it swinging. 

8. First see that the balanae is correctly adjusted and then alwayB put 
the substance to be weighed in the left-hand pan. 

4. Never touch the balance or the weights with your fingers if you can 
possibly help it. 

6. Always begin with a weight that is too great. Remove this weight 
and continne to add weights in decreasing order of magnitude. 

6. Never weigh anything hot, or wet, or likely to stick to the pan. 

7. Raise the lever gently with the left hand, and only turn it com¬ 
pletely over when a balanoe is nearly obtained. 

8. Count the weights both by the number on the pan and by the vaoant 
places in the box. 

29. ’ Practical Exercises In Weighing. 

(1) Find the number of grams in one ounce (Avoirdupois) 
by weighing the 1 ox. weight provided. Compare your result 
with the value given in § 26. 

(2) To teat the accuracy of a pipette. Cool some 
water to 4’ 0. by adding ice to tap water. Weigh an 
empty beaker (capacity about 100 c.c.). Fill the pipette (by 
suction) to the mark with water at 4’ G., and let it drain into 
the weighed beaker. (N.B, The water should not be blown out 
of the pipette.) Weigh the beaker and water: subtract the 
weight of the empty beaker—the difference in grams should 
equal the number of c.c. marked on the pipette. 

(3) Find the weight of 1 c.o. of methylated spirit. 
Repeat, filling the same pipette with methylated spirit. Knowing 
the volume of the pipette in o.o., calculate the weight of 1 c.c. oi 
spirit. 
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27-29] Exercises in Weighing 

(4) To measure area by weighing. You are given a 
piece of cardboard of uniform thickness on one side of which is 
pasted centimetre-squared, paper. 

(а) Accurately cut out a square of 100 eq. cm. area 
(side =10 cm.) and weigh this cardboard square. Calculate 
Weight of 1 square centimetre 

_ Weight of square (100 sq. cm.) 

Too • 

(б) Draw and cut out accurately a circle, radius 5 cm. Find 
its area in sq. cm. by counting the squares or by calculation. 
Weigh the cardboard circle and divide the weight by the wt. of 
1 sq. cm. of cardboard found in (a) and thus obtain the area 
indirectly by weighing. 



Fig. S3. 


(c) Cut out any irregular figure and weigh it. Find the 
area (1) by counting squares, (2) by dividing the weight of the 
cardboard figure by the weight of 1 Bq. cm. of cardboard. 

( d ) On the “ squared ” cardboard, describe an ellipse (see 
Fig. 33) by firmly fixing two pins at points Q and B about 5 cm. 
apart: over the pins put a loop of cotton (about 12 cm. long): place 
a pencil in the loop and, keeping the cotton tight, describe the 
* 11 ipse with the point P. Produce QB to the curve at D and E. 
Bisect QB at right angles by the line KCL. DE and KL are the 
axes of the ellipse and equal 2a and 2b respectively. Cut out 
the ellipse and show (1) by weighing, (2) by counting squares, 
that the area = irab, where a and b are the semi-axes. 
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30. Cali bration of a Spiral Spring Balance 
(Dynamometer). 

Fig. 34 a represents a simple form of spring-balance and 
Fig. 34 6 a dynamometer or “ force measurer " constructed on the 
same principle. A triangular groove out in a block of wood 



Fig. 34 a. Fig. 34 b. 


Weight* 

added, 

grams 

Beale 

Readings, 

om. 

Extension, 

om. 

Extension 

per 

10 grams 

0 

1-30 

0 00 

000 

10 

3-91 

2-61 

2-61 

20 

6-51 

6-21 

2-60 

30 

9-13 

7-83 

2 02 

40 

11-73 

10 43 

2-60 

60 

14-34 

13 04 

2-61 

... *0. 
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contHina a bell spring AB (or a rubber cord) attached at A by a 
book. A short pencil pierced by a pin P (the pointer) has one 
end connected to the spring and the other to a thread which 
carries the weight-pan ( iV). The extension of the spring is read 
from the pointer on the scale S. 


Graph of the Extension. 


•Ex, i. Take readings on eke scale wben weight* are added to the 


pan as in the table on p. 40. 

N.li. Take care not to strain the 


sprint;. 

Gum a label on the pencil (jiving 
the average extension per 10 grams = 
2-61 era. The spring and pencil may 
be detached and used on any similar 
groove and scale. 

To plot the carve.. On squaied 
paper draw the axes of X and Y to 
represent weights added (column 1) 
and extension (column 3) respectively 
(Fig. 35 (see also § 13J). 

Weighing by use of dy¬ 
namometer and graph. 


'Ex. u. To And tlie number of 
grams la 2 oze. Place a two-ounce 
weight in the pan. Note that the scale 
reading is 1GT and the extension of 
the spring is li 8 cm. lteferring to 

. L , extension . „. 

the graph -r-; m Fig. 85, 

weights added 

we find that the abscissa (on the axis 
of X) corresponding to the ardnuite 
14 8 cm. (on the axis of Y) is 56-5 
grama (see point P in Fig. 85). Test 
the, accuracy of your result by using 
the oidinary balance (soales), thus 
proving that the weight of a body la 
proportional to Its mass [§ 25 (2)]. 

* Ex. ui. Weigh a one-ounce weight 
and other suitable objeots which will 
hot strain the dynamometer. 
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Examples IV (Weight). 

1. How many milligrams are there in (a) 1 Dgm., (6) 1 ogm., (c) 1 gm., 
(d) 0-1 gm. ? 

2. How many grama are there in (a) 500 mgm., ( b ) 52 dgm., (c) 105 ogm., 
(d) 0-008 Kgm.? 

8. Express 12345 ogm. as (a) Kgm., (b) gm., (c) Hgm., (d) mgm. 

4 . What is the enm of 

(а) 1 Kgm. + 2 Hgm. + S dgm. +4 mgm., 

(б) 2 dgm.+ 605 mgm/+ 2 gm.+100 mgm. T 

5. Babtraot 

(•> 606 mgm. from 12-545 gm., (6) 1 dgm. from 1 Dgm., 

(c) 10 gm. from 0 01 Kgm., (d) 16 gm. from 0-175 Hgm. 

6. Add 1-607 Kgm., 546 dgm., 243 ogm., 505 mgm. 

Give answer in (a) gm., (6) Kgm. 

7. If 4 dm. of wire weigh 18 dgm. how many grams will 1 metre of the 
wire weigh f What length of wire would be required to make a ogm. 
weight? 

8 . 14 om. of wire weigh 8 dgm. How many mm. will weigh 30 mgrn.f 

9. If 1 oa. (avoir.) = 28-35 gm., calculate the number of (a) grams in 1 lb., 
(6) lbe. in 1 Kgm. 

10. If a man weigh 70 Kgm., what is his weight in lbs.? 

11. A flask weighs 70 gm. when empty and 209 gm. when full of water. 
What is its capacity ? 

12. A 50 «.o. bottle weighs 70 gm. when fall of water. Find weight of 
bottle. 

IS. If 11 o.c. of a solution oontain 3-08 gm. of salt, how mnoh salt will 
there be in a decilitre? 

14. A solution is to be made containing 1 drachm of salt in one pint of 
water. How many grams per litre will this be? 

15. A tank holds 63-8 lbs. of water. . What is its volume in litres 
(1 Kgm. = 2-2 lbs.)? 

16. If a gallon of water weighs 10 lbs. and 1 o*.= 28-35 gm. find the 
number of litres in s gallon. 
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Questions on Measurement 


17. An ebony cylinder placed in the scale-pan of a dynamometer causes 
the pointer to move to the mark 4-4 cm. "From Fig. 85 find the weight of the 
cylinder. 

18. What reading will be registered by the same dynamometer if an 
article weighing 36 gm. be placed in the scale-pant 


Miscellaneous Questions on Measurement 
(Chapters I—IV). 

1. If a cyclist travels 18 Urn. per hoar what is his speed in centimetres 
per second? 

2. 11 sq. am. of a sheet of Aluminium weigh 1'25 gm. What area wonld 
be needed to make a 1 gin. weight f 

8. From a circular iliso of cardboard of radius 10 cm. a triangle of base 
8 Dm. and height 3-6 cm. is out out. Find the area of the remainder. 

4. A steam roller 4J ft. wide has a diameter of 3 ft. How many times 
will the roller revolve in traversing a road 3J4f yds. long? What area of the 
road will have been rolled while this distance is travelled? 

6. What is the depth of a tank whioh will hold 106 on. ft of water if 
the length and breadth be 10 ft. and 3$ ft. respectively? 


6 . If 1 metre = 3i)-37 inches, how many kilometres are there in 1 mile? 

7. What is the area of a pond, the oiroumferenoe of whioh measures 
220 ydB.f 

8. If 2*6 metres of wire weigh 9-5 decigrams, how many milligrams will 
6 cm. of wire weigh? 

9. A rectangular piece of Aluminium is 8-5 cm. long and S cm. wide: its 
weight is 2-73 gm. If 1 c.o. of Aluminium weighs 2-6 gm., find the thioknees 
of the metal. 

10. How many gallons of water will a tank oontain if its dimensions are 
9 ft. x 1 ft. x 8 in. (6i gallons ^ 1 on. ft.). 


11. The diameter of a penny is fa ft. How many penes put edge to 
edge will reach 8048 mm.? 

12. If 8 sq. cm. of a sheet of metal weigh 24 gm., what is the area of 
an irregular figure weighing 14'4 gm. oat from the same sheet f 

13. Find the area of the surfaoe of a sqnare pyramid if tbs slant hsight 
be 8 Inches and the side of the base 6 inches. 
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14. If the pitch o< a screw gauge is O'S mm. and the edge of the collar is 
divided into 50 equal parte, how many complete turuB of the collar will be 
Deeded to open the jaws 2-87 mm.? What number on the collar will be 
opposite the aero line ? 

15. What weight of water will there be in a tank 6 ft. x 4 ft. x 2| ft. if 
1 gallon of water weighs 10 lbs. ? 


16. Calculate in kilometres per hour the speed of a train travelling 
60 miles per hour. 

17. A reotangnlar piece of copper foil, length 8 cm., width 8 om., weighs 
3'2 gm. An irregular figure weighing 2-62 gm. is cut from the game foil. 
What is its area? 

18. Find the area of a trapezium the parallel sides being 8" and 10" long 
and the perpendicular distance between them 5". 

19. A copper triangle ot base 10 cm. and height 10 om. weighB 5-84 gm. 
If 1 o.o. of copper weighs 8 9 gm., calculate the thickness of the mi tal. 

20. Find the height of a cylinder (diameter 2 ft.) whioh will hold 
50 gallons of water. 


21. A body falling freely increases its speed in every eeoond by 32 2 ft 
per second: calculate this acceleration in centimetres per second. 

22. Find the total area of a hot-water cylinder of height 8 ft. 7 in and 
diameter 1 ft. 2 in. 


A 



Fig. 86- 


23. In measuring a field the surveyor 
takes a straight line across the longest part 
of it and measures from this line perpendioular 
distances to the various corners. The ex¬ 
tremities of these lines when joined give the 
plan ABCDEF. 

AO —100 m., 011 = 120 m., 

OB and /C = 200 m., HI= 200 m., 
W=120m., DJ = 60 m., 

EJ and Fif= 160 m. 

Calculate area of field. 

24. Twenty-eovon marbles of diameter 
2 cm. just fit into a cubical box. What is 
the length of the oube? How many c.o. of 
water would be needed to fill up the epa^e in 
the box between the marbles? 
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Questions on Measurement 


25. A conical tent has a diameter of 12 ydB. and vertical height 7 yd*. 
What volume of air will it contain? 


2B. Five marbles of radius | inch just fit into a cylindrical box. 
Calculate the height and diameter of the box. 

?7. Calculate the volume of a pyramid if vertical height be 6 ft. and 
rectangular base 15 ft. by 10 ft 

28. A cylindrical boiler la fitted with hemispherical ends. If the length 
of the cylindrical part ie 10 ft. and its diameter 4 ft., find to the nearest 
penny the cost of painting the outside of the boiler at 3d. per sq. ft. 

(o. J.) 

29. The internal dimensions of a closed cylindrical tank are length 
10 ft. 3 in.: diameter 4 ft. 2 in. If the metal of which it iB made is 1 inch 
thick, find in cubic feet the volume of the metal, (o. j.) 

30. From the following notes draw a plan of the field to scale and find 
the acreage of the field. (The field is supposed to be enclosed by straight 
hedges and have 6 corners.) 

A ohain (22 yards) = 100 link* 

An acre 4840 square yards. 


-.20 to a 

320 to B 


480 to E 



81. Make a tamnnry of all the formulae you have used in finding 
lengths, axeae and volumoa. 




CHAPTER V. 

MEASUREMENT OF DENSITY BY SIMPLE METHODS. 

31. Density: the Mass per unit Volume. 

A cube of lead (6) and a cube of cork (a) of exactly the same 
size were weighed (Fig. 37). The cube 
of lead weighed one pound and the 
equal-sized cube of cork weighed 0'28 
of an ounce. By dividing 1 lb. by 
0 28 oz., we find that the leaden cube 
was 57 times heavier than the cork 
cube of equal size. 

Fig. 37 . In Fig. 37 we have shown the 

relative sizes of cubes of cork (A) and of lead ( 6 ), each of which 
weigh one pound. Clearly it is not correct to say of the two 
cubes A and b that “ the lead is 57 times heavier than the cork,” 
for each cube (A and b) weighs one pound. It is therefore not 
correct to say that “lead is 57 times heavier than cork” unless we 
assume that we refer to equal volumes of the substances. The 
adjective we use when, we wish to compare weights of equal 
volumes of substances is the word dense and the corresponding 
noun is the word density. It is correct to say that 
(1) “lead is 57 times as dense as cork,” 
or (2) the density of lead is 57 times greater than that of cork. 

We have learnt (§ 25) that the weight of a body is proportional 
to its mass (the amount of matter it contains); it is clear then 
that the density of a substance depends on the amount of matter 
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contained in a definite volume. It -would therefore be more 
accurate to substitute the word mass for wight in the above 
paragraph. 

The Relative Densities of substances are obtained by 
comparing the masses of equal volumes and the density 

of a substance must be expressed in mass per unit volume. 
Tlius 

the density of lead is 032 ton pot cnbio foot, 

0 42 pound per cubic Ineb, 

1134 grams per cubic centimetre. 


In what units shall we most conveniently express mass and 
volume and to what substance shall we assign unit density 1 

The mass of 1 cubic centimetre of water (4° C.) Is one 
gram: it is therefore evident that if by weighing we find the 
mass in grams of 1 cubic centimetre of any substance we shall 
have a measure of its density relative to water (density ™ 1). 


The 

Volume 
mass of 1 c.c. 

Pubstanoe 
of water 

is 

M 

1 

iRfi 

gram 

PenBitv in 
grams per e.o. 
1 

II 

II 

l 

C.C. 

of lead 

i» 

113 

grams 

11-3 

t» 

it 

l 

C.c. 

of gold 

tt 

19-3 

grams 

19-3 

II 

ii 

l 

C.C. 

of aluminium 

>> 

26 

grams 

2-6 

»» 

ii 

l 

c.c. 

of copper 


8-9 

gru ms 

8 9 

« 

n 

l 

c.c. 

of iron 

n 

7-7 

grains 

77 

II 

n 

l 

c.c. 

of brass 

i> 

8-3 

grains 

8-3 

II 

ii 

l 

C.C. 

of mercury 

ii 

13-6 

grai< lb 

13-6 

II 

n 

l 

C.C. 

of cork 

ii 

0-2 

gram 

0 2 

II 

ii 

l 

C.C. 

of alcohol 

>i 

0-8 

grain 

0-8 

II 

•i 

l 

C.C. 

of ice 

>i 

0-92 

gram 

092 

•1 

it 

l 

c.c. 

of sea water 


1-03 

gram 

103 

II 

tt 

l 

c.c. 

of petrol 

ii 

0-85 

gram 

0-85 


The Specific Gravity of a su! -tanec is the mass of a 
volume of the substance divided by the mass of the same volume 
of water at 4' C. 
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In the above table it is clear that in expressing the density in 
gram* per c.c., we have also expressed the specific gravity , where 
water is chosen as the standard substance for a comparison of 
densities. 

Connection between mass, volume and density. The density of a 
eubetaiiL't being man per unit volume, if 

M=nuitt of a body in grams, and 
V=its volume in cubic centimetres, and 
D — its density in gtaras per cubic centimetre, then 
the mass of 1 o.o.=_Z) grame, 
the mass of 2 c.c.=-2D gramB, 
the mass of 3 o.o. =3/) grams, 
and the mass of V o.e.= VD grams —M, 



ot in words, the Density of a body = _i— fit *. 

its volume 

The Relative Density of a substance at any temperature is 
found by dividing its weight by the weight of an equal volume of 
water at the same temperature. 

32. * Practical Exercises. Density by Measure- 
ment and Weighing . 

1. You are given small cubes of brass, copper, iron, lead, 
aluminium, pine, deal and ebony. Measure the edge of each in 
cms.; calculate the volume in c.c.s and find (by weighing) the 
mass in grams. Arrange your results in columns and calculate 
the mass o/\ c.c. of each substance, i.e. it6 density. 


2. Repeat, using spheres or cylinders of the same substances. 

Bzamplt: 


Substance 

Solid 

Measurements 

Vol. 

Mass 

Mssm ^ 
VoTam*^ 61 * 

aluminium 

on bo 

edge=2 cm. 

8 o.o. 

21’58 gin. 

21 58 „ 

—-g— - 2 69 gm. per o.o. 
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91-33] Relative Density Bottle 

3. Find the density of an irregular solid ( e.g . a pebble 

or glass stopper). Obtain the mass in grams by weighing and the 
volume in c.c. by displacement [§ 23]. 

33. Use of Relative Density Bottle. 

•Ex. i. To find the Density of a Salt Solution. In Fig. 38 two 
relative density bottles are shown which will held a definite volume when 
filled—eitln >■ ( 1 ) to a mark on the stem, or (ii) completely by means ot a 
perforated stopper. 



which will fill the bottle will give its volume in c.o. 

'lake tl.e following observations: 

(1) Weight of bottle empty and dry 24-32 grams. 

(2) „ ,, full of water 1 74-23 grams. 

/. Weight of water alone = 49 9 3 grams. 

13) Weight of bottle fall of salt solution 83 27 grams. 

{. Weight of equal volume of salt solution — 6 8-99 grams. 

The water weighs 49 96 gramB and occupies 49 96 e.o. f 
the salt solution „ 68-95 grains ,, ,, 49-96 c.o. 

f. the density of the salt solution = a —= 1-18 grams per e.e. 

4a y(i o o. 

1 Tho bottie mast be dry outside and be died to the maik on the stem, if 
a perforated stopper is not provided. 


fc. S. P 


4 
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To find tie Density of Methyls ted Spirit. Using the Earn* 
bottle repeat observation (3), and find the weight of an equal volume of 
methylated spirit. On working out the result, ihe density will he found to 
be less than 1; methylated spirit therefore, if e&refully poured, may he made 
to float on water. 


*B*. lii. To Bud the Density of Small Bolide (e.g. shot), first weigh 
the bottle filled with water; then, placing the shot in the Bcale-pan, outtide 
the bottle, weigh the shot and full bottle together. 

Record your reeults as follows; 

(1) Weight of bottle full of water 74 23 gram9. 

(2) Weight of bottled-water t-shot (cuitul') 97 C9 gramB. 

Weight of the sliot=23'41 grams. 

Next piaon the full bottle on a clean saucer and carefully drop the shot 
into the bottle. The water which overflows has the same volume as the 
shot. Fill the bottle as before, dry the outtide, and weigh again with the shot 
intide. The loss of wtight observed is due to the displacement of water by 
shot. The volume of the shot is given in o.o. by noting the weight (in 
grams) of water displaced. 

(3) Weight of bottle + water f shot (inside) 95'63 grams. 

,’. Weight of water displaced by shot = (2) - (3) = 2 06 grams. 

Volume of the hot ^ 2 06 o.o. 

_ ,,, 23 11 grams ., , , 

Density of the shoi= —^ ^ - - =11 34 grams per o.o. 


84. Alternative method for fragmentary solids, e.g. sand and 


powders. 

Take the following observations: 

(1) Weight of bottle empty and dry .grams. 

(2) „ „ +sand (inside) .grams. 

(3) „ ,, ,, + remainder of bottle space filled with 

water .grams. 


Empty ont the oonlents, washing the bottle entirely free from Band, fill 
the bottle with water, dry the outside and find— 


Then 


(4) Weight of bottle full of water .grams. 

_ , Wt. of sand (grams) 

Density or sand=-^=--r—< , .— r 7 

J Vol. of sand (c.o.) 

Wt. of sand (grams) 


” Wt. of water displaced by sand (grams) 

(2)~W 

+ 
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Examples Ya (Density of Sot.ids). 

L Find (be density of (a) 50 o.c. of Tin weighing 565 pm., (b) 12 c.o ol 
Brass', weiglil 100 B gin., (c) 20 c.c. of Lead, weight 223 gm., (d) 11 o.o. o! 
"Hans, weight 27 S gm. 

2. What will be the volume of (a) 6 gm. of Sulphur, density 2 gm. 
per c.o,, (i) 2-5 gm. of Cork, density -25 gm. per c.o., /'■) HI gm. of Marble, 
density 2 7 gm. per c.o., (d) 21 gm. of Silver, density 10 5 gm per o.o. ? 

3. What will the following weigh: (a) 9 c.o. of Ivory, density 2 gm. 
.<r c.c (b) 5 o.o. of Lead, density 11-4 gm. per o.c.. (c) 4 o.c. of Glase, density 

2 5 gm. per o.o., (cf) a cube of Aluminium of 2 cm. sid- 1 density 2-6 gm.per o.c.? 

4. A rectangular block of pine wood measuring 20 cm. by 14 cm. by 16 mm. 
weighs 210 gm. Calculate the deiieity of tlm wood, 

5. A gold oliain weighing 77-2 gm. is lowoied into a graduated cylinder 
containing 38 c.o. of water and causes the level to rise to 42 o.o. Calculate 
the density of gold. 

6. If the density of Ice is 0-918 gm. per c.c., what is the volume of 11 gm. 7 

7. What will a circular diso of zinc weigh if radius = 5 cm., thick¬ 
ness =0-7 uitu. and density = 7 2 gm. par o.o.? 

8. 21 cm. of copper wire (drnsity 8-9 gm. per o.o.) weigh 46 725 gm. 
Find the area of oross-eeotion of the wire. 

9. Find the diameter of a piece of brass wire if 1 metre of it weighs 
T056 gm. (density = 8-4 gm. per o.o.). 

10. An ebony oylinder of diameter 1 ’6 om., height 7 om., weighs 
15-690 gm. Calculate the density of ebony. 

11. A cylinder of Lead (density 11-4 gm. per o.o.), diameter 1-4 om., 
vtight 87 78 gm. Calculate its height. 

12. A sphere of brass (density 8'4 gm. per o.o.) weighs 35*2 gm. What 
’« it? radiusV 


Examples V b (Relative Density of Liquids). 

1. Calculate the density of (a) a decilitre of eoa-water, weight 102-6 gm., 
(6) 20o.o. of alcohol, weight 16 gm., (c) 30 o.o. of milk, woiglit 30-9 gm., (d) a 
litre of benzene, weight 880 gm. 



62 Experimented Fhytics [ch. v 

2. What will the following weigh : (a) 100 c.o. of sulphuric acid, density 
1‘84 gin. pei c.o., (ii) 60 c.o. ol olive oii, density 0 91 gm. per o.c., (r) 20o.o. 
of ether, density 0 78 gm. pet e.o., (d) a centilitre ol mercury, density 
18 6 gm. per e.o.? 

8. What will be the volume of (a) 16 gm. of alcohol, density 0 8 gm. 
per O.O., (6) 270 gm. of oil, density 0 9 gm. per c.o., (cl 90 gm. of chloroform, 
density l'5 gm. per c.o., (<fj 51 gm. of aniline, density 102 gm. per o.o.? 

4. An empty beaker weighs 44 gm. 20 o.c. ol turpentine are run in and 
the beaker and contents weigh 61'6 gm. What is the density of turpentine? 

6. A relative density bottle weighs 21 - 6d5 gm. when empty, 71'285 gm. 
when full of water, 62 <U5 gm. when full ol methylated spirit. Calculate the 
relative density of the spirit, 

6. A 50 c c. Bank weighs 70 gm. when full of water. What will it weigh 
when filled with alcohol of density 0'8 gm per c.o.t 

7. A decilitre Bask foil of euiphuiic acid, density 1-84 gm. per o.o., 
weighs 220 gm. What would the flask weigh wlieu empty? 

8. If 40 c.c. of sea-water, cLo.'ity I•023 gm. per o.o., are mired with 
60 o.o. of water, what .s the denfity of the mixture? 

B. Bow many o.o. of water must bo mixed with 100 o.c. of sulphuric 
acid (density 1 bl gm. per o.o.) that trie density of the mixture may be 1 2 gm. 

per o.o. 1 

10. 12 6 gm. of glycerine (density 1-20 gm. per o.o.) are mixed with water 
and the density of the mixture is 1-1 grr>, per c.o. Ilow much water is present 
in the mixture? 

11. Find the density of a mixtuie of 61 gm. of alcohol, density 0 8 gm. 
por o.o., and 74 9 gm. of acetic sod, density 107 gm. per c.c. 

12. 22 gm. of salt (density 2 2 gm. per o.o.) arc dissolved in 90 o.o. of 
water. Calculate the density of the solution. 

13. A Lottie weighs 115 grn. when full o* water, 99 gm. when filled with 
alcohol of density 0 8 gm. per o.o. VVbat wiii the empty bottle weigh? 

Examples Vc (Relative Density op Fkaomentary Solids). 

1. A relative density bottle filled with water weighs 49 gm. 7 - 2 gm. of 
iron nails are dropped in, water being allowed to overflow. The bottle and 
oontenta ai c sew found to weigh 55 2 gm. Calculate the relative density of 
<4h« cail*. 
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Examples on Relative Density 


2. A relative density bottle weighs 40 gm. when full of water. 6 gm. of 
glass beads are poured into the bottle, water being allowed to overflow. 
The bottle and contents now weigh 43 gm. Find the relative density of 
glass. 

3. A 50 o.c. flask weighs 20 gm. when empty. 10 e.o. of aluminium 
powder (relative density 2 0} are poured into it and it is filled up with water. 
What will it now weigh? 

4. Find the relative density of sand from the following: Weight of 
flask, 20 gm.; weight of flask and sand, 25 gm. ; flask and water, with sand 
Inside, 72 gm. ; flask full of water only, 7 1 ) gm 

5. Find the relative density of shot from the following: Weight of 
flask, 20 gm.; flask and shot, 43-94 gm. ; flash, ", ith shot inside, filled with 
water, 9184 gm. ; flask full of water only, 70 gm. 


4—3 



SECTION II. 
HYDROSTATICS 

CHAPTER YL 

PROPERTIES OF MATTER. 


35. Force. 

In considering the properties of matter we shall constantly 
use the word— force. What is a force 1 The inability of matter 
to change its state of rest or of motion (§ 24) is called its 
Inertia— /orces are necessary to change that state. Let us give 
an instance. A stone resting on love) ice requires force to put it 
in motion, but once moving, if the ica is perfectly smooth and if 
there is no air to cause resistance, the stone will continue to 
move at a uniform speed, unless some force either quickens its 
pace or lessens it until finally the stone is brought to rest. In 
reality, the air presses against the stone and friction drags on it: 
both forces of pressure and of friction help to stop it. 

General properties of matter. In § 24, it was stated 
that, in addition to possessing inertia, matter occupies space and 
attracts other forms of matter (i.e. it has weight). In our study 
of Chemistry w« find that matter is indestructible {Exp. Chon. 
§ 34). Matter exists in three states— solid, liquid, and 
gaseous. Solids possess rigidity, i.e. they offer resistance tc 
forces which tend to change their shape or their volume 
Liquids and Gases, which are classed together as Fluids, 
offer no lasting resistance to such forces. 

In the study of Hydrostatics we investigate how forces acl 
on fluids and keep them at rest. 
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36. The Constitution of Matter. 

The gaseous state. We know that ice (a solid) may be 
turned into water (a liquid) by heat and that further heating 
converts water into steam (a gas). The reverse process of cooling 
changes steam to water and water to ice. The effect of heat on 
all solids is to convert them finally into the gaseous state. The 
effect of cooling gases is finally to convert them to the solid state. 
This solar system of ours consisting of the sun, the planets with 
their moons and the asteroids is supposed to have been once 
gaseous. It is losing heat and finally will all become solid; for 
instanco, the present oceans of our earth will he ice throughout 
and on them at first will rest an ocean of liquid “air” which 
further cooling will convert to the solid state. It is simplest 
therefore to begin our study of the constitution of matter by 
considering the gaseous state, where matter “is without form.” 

Matter is supposed to be made up of little particles called 
moleculeB (Lat. = little masses), which are far too Bmall to be 
seen by the most powerful microscope. These moleculeB are said 
to be in constant motion and, in the gaseous state, have free 
paths in space. They strike against each other and against the 
walls of the vessel which contains them, thus producing a 
constant battering or bombardment which causes pressure ( e.g . in 
an inflated football or toy balloon). The molecules are supposed 
to be perfectly elastic, i.e. they lose none of their energy of 
rebound when they collide with any object; consequently the 
pressure caused by their bombardment remains constant if the 
conditions are unchanged. Gases are easily compressed and the 
pressure and density rise as the molecules are more confined. 
Gases possess no rigidity, as stated above, consequently they can 
have no definite shape, and they completely Jill the vessel in 
which they are placed. Gases readily mix with or diffuse into 
each other. 

Eip. Pull out the piston of a bicycle pump, close the noszle with your 
finger and push in the piston. The air within is easily compressed, hut on 
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releasing the piston, it flies back to its original position, thus showing the 
elasticity of the air as well as the pretture of the confined gas. 

37. The liquid state, 

A gas by compression and cooling may be converted into a 
liquid', its volume is much reduced in the process, thus showing 
that the molecules are more tightly packed into a given space in 
a liquid than in a gas. In the reverse process, as for instance 

when water is boiled, the steam 
occupies many hundred times 
the volume of the water from 
which it is obtained. Liquids 
however are practically incom¬ 
pressible and do not expand 
except under the action of heat, 
consequently they have a de¬ 
finite volume, but as they possess 
no lasting rigidity they have no 
definite shape. This absence of 
rigidity causes them to flow in a 


1 _ 



Fig. 39. 


vessel and fit themselves to its shape but the upper or free 
surface is horizontal. A liquid is said to find its own leoel, thus, 
if a number of vessels (Fig. 39) communicate with each other and 
a liquid is poured in, the level LL, of the free surfaces will bo 
horizontal and the same for all. This property is used in levelling 





instruments (Fig. 40) and in supplying towns with water from a 
reservoir situated at a higher altitude than the houses of the 

town. 
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Some liquids pour more readily than others; they are said to 
differ in viscosity. Thus treacle, lava, honey and seccotine are 
more viscous than water and petrol. Pitch ( cobbler’s wax), 
vaseline, train-oil and soft-soap are highly viscous liquids. 

38. Cohesion, Surface Tension, Capillarity, Dif- 
fuBlon. 

The force of attraction between the molecules of a body is] 
called cohesion. Liquids exhibit slight cohesion, gases none. 
This attraction of the molecules for each other and the absence 
of rigidity cause a small drop of a liquid to assume a spherical 
shape. 

At c the centre of the drop (Fig. 41), a molecule is pulled or 
attracted in all directions by other 
molecules surrounding it; but at or 
near the surface (A, A') a molecule 
will be pulled by cohesion towards 
the interior of the drop, the forces 
being evenly distributed about the 
radius A'c at the point A hence 
there is a constant tendency for the 
drop to contract radially towards 
the centre. At any point on the 
surface (A) there will be forces equal 
but opposite in direction (I 7 , T), so that the surface behaves as 
though it were covered by a thin skin pulled tightly in every 
direction. This pull along the surface, called surface tension, 
is clearly seen in a soap bubble. The bubble slowly collapses if 
the enclosed air has access of escape. Surface tension pulls the 
drop into the shape of the solid which has least surface for a given 
volume, viz. that of a sphere. If the attraction of the molecules 
for each other (cohesion) is less than their attraction to the sides 
of the vessel containing the liquid (adhesion), the liquid wets the 
vessel, as for instance is the case with water in a glass: with 
mercury however in a glass vessel the reverse is seen—mercury 
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does not wet glass because attraction of cohesion in mercury is 
greater than that of adhesion between mercury and glass. 

Bxp. Capillarity. Heat pieces of glass tubing in the blowpipe flame 
and draw them out into fine capillary tubes (Exp. Chem. | 3). Hold the 
ends of these tubes in (1) coloured water, (2) coloured alcohol, (3) mercury. 
Note that the liquid rises in the tubes in water and alcohol bnt is deproaBed 
in the o&se of meroury. These results are said to be due to capillarity (Hat. 
capilla : a hair) where the pull upwards or downwards is due to surface 



Capillary Capillary Fig. 43. 

tubeB in water tubes i u 

or aloohol. mercury. 

Fig. 42. 

tension (Fig. 42). The finer the tube the higher the liquid rises 1 . In the 
wick of a lamp the oil rises because of capillary attiaction. 

i Let T be the surface tension in grams across 1 cm. length. In a 
capillary tnbe of ladiue r (Fig. 43) placed in water which risea to a height h, 
there is a pull of capillarity up the tube of 

T x cironmference of tube = 2titT grams, 
whioh supports the column of water of 

volume = rr 3 x h c.o. 
and of weight = 7rr 3 b grams, 

A 2rrT = rr 1 ft, 



A the smaller r becomes the greater h becomes. 
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Bxp, porosity and Diffusion. Having closed one end of each of two 
pieces of { inch tubing with thin plugs of Plaster of 
Paris paste, allow the paste to set ami dry foj some 
hours. To all appearances the plugs are solid; they 
may however be shown to be porous (i'.r, traversed by 
minute passages between the molecuiee) aa follows: 

(1) Fill one of the tubes with coal-gas and place it 
vertically with its open end dipping below the surface 
of water in a beaker (Fig. 44). The coal-gas escapes 
through the plug more rapidly than air can enter; 
water consequently rises in the tube. After gome 
hours air will have completely replaced the coal-gas. 

(2) The reverse process is shown by supporting the 
second tube vertically with its end dipping under the 
water, and surrounding it by a cylinder fall of coal- 
gas. Gasss pass in both directions (diffuse) through 
the plug but coal-gas enters more rapidly then air 
escapes, hence bubbles come out at the bottom of the 
tube. 


Fig. 44. 


39. The Solid State. 


Solids possess rigidity (§ 30) to a varying extent; steel, for 
instance, is more rigid than copper, and copper than india-rubber. 
Solids, like liquids, are only very slightly compressible. Solids 
vary in their capacity for recovery of shape after being squeezed, 
twisted or pulled : this property of recovery is termed the 
elasticity of the substance. Gold, silver and copper may be 
drawn out in fine wire and are said to be ductile; such metals 
are as a rule also malleable, i.e. they may be hammered into 
thin sheets; gold leaf has been estimated to have a thickness of 


loss than 


1 ^ 

250,000 


inch. 


Exp. Tie two long tbiu wires of oopper and of steel respectively, of 
equal length and thickness, to a beam at the top of a high room. Suspend 
a scale-pan from each wire and place weights m the pans. Note that the 
distance of the pans from the floor lessens as weights are added. Remove 
the weights; there is recovery in both wires, as regards length, provided 
only small weights have been added. On the addition oi more weights the 
oopper wire becomes permanently siretohed and is said to have passed its 
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limit 0 / elatticity, but the steel wire recovers. Further addition of weights 
breaks the steel wire but the copper wire will probably be drawn out into a 
(till finer wire until the pan readies the floor, thus showing that copper, 
although less elcutic than steel, possesses ductility to a much greater extent 

Evaporation of liquids and the pressure which their vapours 
exert is referred to in the section on Heat, and also in Exp. Ghent. 
§§ 17, 29. Diffusion of gases has already been mentioned in this 
chapter. In liquids, the molecules mix loss rapidly even when 
the liquids are stirred; in solids, diffusion has been proved to 
take place but to a very limited extent, and only after long lapse 
of time. It has been proved that, if a piece of pure lead and a 
piece of pure gold are kept in close contact and long afterwards 
separated, the lead contains traces of gold and the gold contain* 
traces of lead. It is also a well-known fact that ice lessens in 
volume by evaporation, although it is kept solid at a temperature 
below its melting point, thus showing that even in solids, the 
molecules are in motion and that near the surface they may leave 
the solid altogether and either pass away into the atmosphere or 
penetrate the interstices or spaces between the molecules of an 
adjacent solid. 


Examples VL 

X. Explain the difference between Solids, Liquids and Genoa, 

8. What practical use i* made of the fact that 'water finds its own 
level' ? 

8. Why is the surface of the meronry in a barometer curved 1 

4. Prove that capillarity will cause a liquid to rice higher in a narrow 
tnbe than in a wide one. 



CHAPTER VII, 

FLUID PRESSURE. PRESSURE IN LIQUIDS. 

40. How to measure pressure. 

The pressure exerted by the vrind may be measured by 

the folluwing merhod: 

Ex i. Suf'end a square kite (E) by one of its comera in 8 steady 
breeze r.nd tie the four bauds from the 
lathe of the kite to a ehing in such a 
wav that the piano of tlio kite is at right 
angles tc the main sliing which is exactly 
\n the direction of the wir'd (Fig. 45). 

Attach a spring balance 8 (dynamo¬ 
meter) to the string and, stead) mg the 
kite, read the pull (F) registered bv the 
dynamometer. Measure the area (A) of 
the kite. Then the wholt pretrure or 
ihriut of the air is shown by the force (F) 
distributed oret the whole area (A) of the kite. 

Force F 

then the pleasure on unit aroa - — - — . 

Ares A 

If the pull on tbs dynamometer =16 pounds, 
and the area of the kite- 4 sq. ft. =576 square inches, 

_ il IS pounds 1 . . , 

men the pressure- . - = — pound per tquare inch. 

r 576 sq. ins. 36^ /• a 

The pressure due to a column of liquid muy be measured 
as follows: 

Bn, ii. A gas oyhuder (C |, tnc closed end of which has been out off, ie 
clamped vertiaally. A ground glass plate (P) is held firmly pressed against 
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tiie tower ground rim of the cylinder by means of a string attached to a spring 
balance (S) which is pulled tightly (Fig. 46). Pour 
water into the cylinder and note the height of the 
column (ft cm.). Then gradually lessen the force 
supporting the plate by lowering the dynamometer. 
Note the pressure when the support gives way and the 
water escapes. Repeat several tunes, always filling 
the cylinder with water to the same level. Subtract 
the weight of the plate from the average of your 
results. Let F= the supporting force. Measure tbs 
internal diameter of the cylinder and calculate the 
area 0 / cron-eection (.1 sq. cm.). Then the pressuri 
on a plate of A sq. cms. is F grams, i.e. the 
F 

pressure = 2 grams per square centimetre. This 

result / ) c!iear 'j gives us the pressure wbt n 

the area of oross-section of the cylinder ib reduced to 
1 tq. cm. and, since the height of the cylinder of 
water = A cm., the number of c.e. of water pressing 
on each sq. cm. = ft 0 . 0 ., but 1 c.c. of water weighs 
1 gram., 

\ the pressure due to a column of wat-r of A cm 
vertical blight--ft grama per square centimetre, and 
wa find that in a liquid the pressure is proportional to the depth. 
Example Observations. 

Weight of plate =18 grams. 

Aveiagc pull on dynamometer = 730 grams. 

Force necessary to support water (F) = 750-18 = 732 grams. 

Depth of water (ft) =30 cm. 

Internal diameter of cylinder =6’6 cm. 

Area of cros8-seci.ion = irr ! = 24-64 sq. cm. 

„ 732 grams „„ _ , 

/. pre»»ure = ,..-yn -=29-7 grams per sq. Cm.* 

24'64 sq. cm. 

1 Percentage Error. If we assume that in water the pressure in granu 
per square centimetre at a depth ft cm. = ft grams, then the pressure a 
depth 30 cm. = 30 grams per sq. cm. 

By experiment we have found the pressure = 29‘7 grams per sq. cm. 
the experimental error = 30 - 29-7= 3 in the correct reeult which is 30 

., -3 x 100 , „ 

A the percentage error = — 1 — =I°/ r 
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Bxp. A graphic method of showing that in a liqnid the pressure 
increases as the depth increases is shown in Fig. 47, where a tall vessel is 



fu'riehtd with three outlets at different level!'. If the outlets are of the 
iau.fi bore (cron section), more water will flow from a lower than fiom an 
uppei level in a given time. A tap above the vessel should give a uufBcient 
supplv of water to keep the htad of viator at level L constant. Collect and 
niE.v.urc the volume of water which flows from each tap in 15 secs. 

Pressure at depth A In a liquid of density I). 

Since, by definition, 1 c.c. o£ the liquid weighs D grams, the 
weight of a column of liquid of A cm. vertical height and 1 square 
cm. cross-section = h x D grams. 

pressure at depth h = hx D grams per square cm. 

41. Fluids (Liquids and Gases) transmit pressure 
equally in all directions . 

(1) If we place our hands some distance apart on a partially 
inflated bicycle tyre and press gently with the fingers of one hand 
we can feel the pressure transmitted through the air in the tube 
to the other hand. 

(2) If we squeeze an india-rubber ball which we have filled 
with water through a single hole by suction, we know- that the 
same amount of pressure applied at any part of the ball tow ards 
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its centre produces the same effect in Bquirting water out of the 

hole, no matter in what direc¬ 
tion the hole is pointing. We 
can imagine the ball fitted 
with outlet tubes of equal 
cross-section (1 sq. cm.) in 
which move frictionless pistonB 
P, Q, R (Fig. 48). If an 
inward pressure of F grams is 
applied at P there will be 
transmitted to all parts of the 
cover a pressure of F grams 
per square centimetre and eon- 
Fig. 48. sequently the pistons Q and R 

will each be driven out with a force of F grama. On this principle 
hydraulic presses and lifts are constructed (see § 66). 



42. To show experimentally that in a liquid— 

(o) the pressure is the same at equal levels, and 
(b) that the pressure la the same In all directions. 


Exp. In g 33, the statement was made that in a liquid the pressure is 



Pig. 49. 


proportional to the dopth Bud sinoe we assume 
the surface to be level (t'.e. in a plane at right 
angles to the direction of the plumb-line) it follows 
that the pressure will be the same at equal levels. 
Pour water into a large beaker eapablo of holding 
several litres and mark the level LL, with a chalk 
line or w.tb bands of paper, when the depth is 
about 2 Inches {Fig. 49). Fill np the beaker to a 
depth of about 10 inches. Over a funnel (F), 
bent in the form of an L, stretch and tie tightly a 
piece of thin india-rubber; mark the centre of the 
rubber circle with a spot of ink or dye. Connect 
the open end of the funnel to a U-tube, in the 
bend of which U placed some coloured water. 
Lower the rubber-closed funnel into the beaker 


and not* that the pressure on the rubber is transmitted through the air in 
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the U-tube and that the coloured water ie depressed on one side and rises 
equally on the other, and that the deeper the funnel is lowered the greater 
is the amount of pressure reoordedL This U-tube is a simple form of pressure 
I'uigf or manometer M. 

Move the funnel pointing it in rariout direct.om to that itt centre it at 
different positions in the level LL marked by the chalk or paper line. It will 
[ e seen that if these conditions are carefully maintained, the pressure as 
shown by the manometer does not vary. 

The pressure at a point is measured by the thrust on a 
square centimetre having the point at its centre. 

The shape of the vessel does not affect the pressure 
at any particular depth. 



Hrcp. The three variously shaped vessels shown in Fig. 50 have openings 
ihe bottom of equal area of cross-section. The edge of the opening is 
carefully ground and a plate attached to one arm of a lever is pressed against 
the openiug by adding weights W to the Beale-pan. Water is run into the 
vessel until the supporting plate yields and the water escapes. The depth of 
wsifr th ) is noted and the experiment is repeated when another of the vessels 
placed in position against the plate. Water to the same depth (A) is added 
b'-fore the plate moves from the rim and the scalo-pan is raised, thuB showing 
that the pressure on a definite area of the base depends on the depth of the 
liquid and not on the shape of the vesseL 
B E l>. 


8 
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Experimental Physics 

43 . Revision Experiment. (A.) 

To show that the upward pressure (or thrust) at 
any depth In a liquid is equal to the downward 
pressure. 

(1) Procure two or three lamp chimneys of entirely differing 
shapes. (The lower edge should be ground 
flat.) In Fig. 51 a a cylindrical one (C) is 
shown. P is a piece of mill-board 1 , which, 
if it can be obtained, should he of the same 
density as water. The mill-board is wetted 
and held tightly against C by a string 
passing through its centre. Lower the 
appaiatus into water. The mill board re¬ 
mains in position pressed vjnvards when the 
string is loosened. Carefully pour water 
into chimney and note that the mill board 
comes away when the water reaches L, the 
lev el of the surrounding liquid. 

(2) Repeat the expeiiment, substituting 
a chimney of different shape, and lowering 

(3) Repeat the experiment, holding the chimneys in positions 
other than the vertical. 

Draw your conclusions and write them out in order. 

Revision Experiment. (B.) 

To find the relation between (a) Pressure, (6) Depth 

and (c ) Area over which pressure is exerted in a liquid*. 

1 A flat disc of box-wood, of the same density as water, servo*' the 
purpose. 

* In this Krp. it ie assumed that when a cylinder fioatt vertically in a 
liquid, the pressure exerted by the liquid upwards on the baeo (upthrust) 
equals the weight of the floating body. For exeiuises on this Exp. see 
Examples on Chap. YIL 



Fig. 61 a. 

to various depths. 
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Pressure in Liquids 


Find the ratio 


ar.d 


i.t. the relation between wei ,hw (pressure of water at different 
depths) and the depths. 

"Exp.il. Prepare and load a bcniing tube B''n.larly, until 
It floats with the tame length) immersed a* in Kip. 1 . Dry 
and weigh as before. Measure the di imeters rf the two tubes, 


m 

h 


*Exp. 1. Flatten the bottom of a long tret tube by softening the rounded 
part in a blowpipe flame and pressing on an iron plate. Put 
a slip of rum. squared paper, marked off in centimetres 
measured from the ontside of the bo'tom of the tube, into the 
tube, which must be oorked (Fig. 61 i). Load the tube with 
sand or shot until it will float veitieally in a jar of water. 

Note the position of the water level by means of the Bqnaied 
paper scale and measure ft,. Remove ti e tube, dry it and 
weigh it with its contents (re,). Add more sand or shot to 
sink the tube to a lower level, note ft,, and weigh again ( ir.j. 


til 


Fig. 61 b. 
calculate the 

area of crosB-flection of each, and find the relation betv,ber weights and are&a, 

W 

i.e. the ratio —. 


State your deductions from each experiment 


44. Pressure In Li quids at rest. (Revision and 

tnernoraiul-a.) 

1. Density being mass por unit volume and weight being proportional to 
mass, density is a measure of weight p"r unit volume. 

2. The free surface oi a Liquid is level (£.«. at right augles to the plumb 
line). 

8. The pressure at a point is measured by the thrust on a sq. om. having 
the point ae oeutre. 

4. The preseure is proportional to depth beneath the surfaoe and is 
therefore the same at the same horizontal levels. lu a liquid of density 
D grams per o.o. and at depth ft, the pressure=ft x /> grams per sq. cm. 

6. The pressure at a point is the same in ail directions, consequently at 
any point to every pressure there mutt no an equal bnt opposite pressure, for 
otherwise the liquid would move, 

• 6. Fluids transmit pressure equally in ail directions. 


6—2 
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45 . To find the Relative Density of Liquids by 
“Balancing columns”—“U*tube method.” 

* Exp. i. To And the density of a salt solution. Balance a oolumn of 

the solution with a column of water as follow* . 
Bend 2 feet of glass tubing at its middle 
point in the form of a U (Exp. Chem. $ 8). 
Fill the bend with mercuiy to about 1" In 
depth and clamp the tube vertically. Pour 
salt solution into tlie right-hand arm S (Fig.62) 
and water into thb left-hand arm, n little at a 
time, until the arms are nearly full and the 
mercury ta at the tame lei < l L-, L 2 on both sides. 
Meacure 1 the vtHical heights of the two 
columns. For instance, suppose that— 
Height of water column h, =18-1 cm., 

Height of salt siluiiou column Ji s =15-2 cm. 

Let !>!= density of water 
and X) t =dfns:ty of salt solution. 

Then 

the pressure at L t =Ji, x D t 

= fo-l x 1 grume per sq. cm., 

the pressure at =-< D, -- 1 ' e x l \ grams per sq. cm., 
but the pressure at L,=-p>cs mo at L, being level). 

IS I 

j — = 1-19 gvAia* per c.,». 



and 


t. H. = 


N-B. h, v Z>, =• h a x Dg, 

. R}-b 

or, in words ,—the densities of the two liquids are intently proportional to the 
hevjh'i of the column! which balanoe eaoh other. 

* El P. li. rind the relative density of two liquid# which do not isIt 

Use tho same method and apparatus to find the density of turpentine relative 
to that of water. In this case mercury may be dispensed with. Half fill 
the U-tubs with water and then carefully pour turpentine into one'side. 
Ueature the vertical heights of the columns from the level where the two 
liquid! meet. Below tSis level of separation the water, which is the denser 
liquid, acts the part of a halance just as the meronry did in Exp. i. 

* See Exp. Chem.,.Fig. 8, | 8, on 11 Parallax Error." 
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Examples on Pressure 

Examples VII. 

1. A test-tube loaded with shot weighB 20 gm. When floated in water it 
sinks to a depth of 10 cm. If two more grams of shot are added, to what 
depth will it sink? 

2. A loaded test-tube weighing 20 44 gra. floats in water with 11*2 am. 
Delow the surface. What extra weight will he needed to sink it 12 cm.? 

3. A test-tube of diameter 1-0 am. and a boiling tube of diameter 2-2 am. 
aie loaded with sand till they float vertically with the same length immersed 
in svater. If the weight of the test tube ut 20 8 gm., what does the boiling- 
tube weigh? 

4. A test-tube and boiling-lube weighing 16 gm. and 36 gin. respectively 
,mk to the same depth in water. If the diameter of the boihag-tnbe is 2-4 cm., 
flod diameter of test-tube. 

6. What is the pressure per sq. cm. at the base of a column of mercury 
7b cm. high (deusity of mereury = 13-6 gm. per e.e.)? 

6. Calculate the "thrust” (total pressure) on the bottom of a tank full of 
water, 6 dm long, 40 om. wide and 40 cm. deep. What will be the pressure 
a! any point in the base? 

7. If the town water reservoir is 600 ft above sea-level, find the pressure 
per sq in. in a pipe at the top of a building 24 ft. above sea-level. 

8. Some mercury is poured into a U-tnbe: water ib then poured into one 
limb till it measures 34 om. How high will Uie mercury in the other limb 
stand above the common surface? 

9. If the density of sea water is 1 025 gm. per c.o., what is the pressure 
per sq. cm. at a depth of 680 metros ip the sea 1 At what depth in mercury 
would the pressure be the enme? 

10. What is the height of a building if the pressure at taps on ground 
floor and top floor is 30 lbs. and 15 lbs. per eq. in. respectiv 0 iyf 

11- Water is poured into a U-tabe and olive oil addei. The height of 
ibe oil above the table = 19 ora., that of the watpr --17 65 cm.: the common 
surface 4 cm. Calculate the relative density of oil. 

12. The thrust on the bottom of a beaker (diameter 7 om.) when full of 
meroury is 6-236 kgm. What is the height of the beaker? 

** 

13. Methylated spirit (density 0-816 gm per c.c ) is poured into a U-tnb* 
containing mercury until the latter stands 3 om. above the common surface 
What is the length of the spirit column? 



CHAPTER VIII. 


PRINCIPLE OF ARCHIMEDES. 


46. The Principle of Archimedes. 


We are well acquainted with the fact that when we are 
bathing the wafer buoys us up. In learning to swim very little 
support is required under the chin or arms to keep our heads 
above water. We also know that the more we are immersed the 
less effort is required to support us, the water exerting an upward 
force which almost counteracts our weight. These facts were 
observed about 200 ac. by a phi'osopher of Syracuse named 
Archimedes. The principle named after him is as follows— 
When a body is wholly or partially immersed in a 
fluid, it loses weight by the weight of fluid displaced, 
or in other words there Is au upthrust on the body equal 
to the weight of the fluid displaced. 

A little thought will convince us that this statement is true. 



Fi# 63. 


Imagine that we have a magic cubic 
centimetre box with walls so thin that 
they occupy no space and so light that 
they weigh nothing. Imagine that we fill 
this box with water and tie it by a weight¬ 
less string to a spring balance. The 
balance will register the weight of 1 c.c. of 
water, viz. 1 gram. Into a bowl of water 
lower the box until one quarter of its 
volume is under the surface (Fig. 53): 
this one quarter, weighing ^ gram, becomes 




71 


46 - 47 ] Principle of Archimcdcx 

part of the water in the l>«wl except that it is separated from it 
by a weightless partition of no thickness. The balance will 
therefore register ^ gram less, or in other words the boxed up 
water has lost weight by the weight of water displaced. Continue 
to lower the box until it is quite immersed. The balance will 
now register zero, for the whole gram of enclosed water has 
become part of the water in the bowl except that it is separated 
from it by the weightless box. Next let us fit into the imaginary 
box 1 c.c. of lead which weighs 1T3 grainB. Lower the leaden 
cubic centimetre into water. The lead continues to lose weight 
until it is completely immersed, when again 1 ac. of water 
(1 gram) is displaced and the spring-balance registers 10 3 grams. 

47. Experimental Proof of the Principle of Archi¬ 
medes. 

Exp. The following is often called the “cylinder and bucket” experiment 
(Fig. 54). A cylinder C, fitting exactly into 
a bucket B, is eu»por ded to one arra of a 
bald nor, and oounierpo! <ed. The cylinder is 
then placed in a b< sker, the latter being 
supported on a shelf placed over the pcalc-pan. 

Water le then carefully poured into a beakrr 
until it is about full. The bab.oce is dis¬ 
turbed a« part cf the weight of the rvlindrr is 
supported by the water. Water in now a bled 
to the fcr ckot unti’ the balance again Mimgs 
evenly: it le the.i found that the same volume 
of water has been poured into the bucket as 
the cylinder is displacing in the beaker. 

I'll! the beaker nearly full of water end con¬ 
tinue to add water to the tucket witil a 
balance is again ntlairud the bnrket will 
now be found to be exactly full, an t, ac its 
internal volume eonaiy - xactk the volume of 
the oylinder, it is evident that on being 
placed in water the cylinder fun lost in wng 1 t 
by the weight of the t«*e »ne of water dv 
placed 



Fig 54. 
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48. To find the Relative Density of a Solid by the 


Principle of Archimedes. 

•Bip. i. To And the Relative Density of Copper. Suspend a aoppet 
cylinder 0 by a pieoe of fine silk to one arm of a balance (Fig. 65). 



Fig. 45. 


(1) Weigh the copper cylinder =64 29 grains. 

Place the cylinder in a beaker of water, the beaker being supported on a 

bridge B. 

(2) Weigh the copper eylinder (in water) =57'11 grams. 

The lose o( weight, on weighing in water, a 7'18 grams. 

« by the Principle of Archimedes, 

the weight of water displaccd = 7'18 grams, 
the weigh* of water equal in vol. to the cy!lnder=7'18 grams. 

Wt of copper cylinder 


The IU1. Deneity of Copper = 


Wt of an equal volume of water 
64'29 grams 


7-18 grams 


= SOS; 


henoe, the rule: 


Relative Density of a Solid - 


Weight of eolid (In atr) 
Lose of weight In we tee * 
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•Exp. ii. Repeat the experiment, using a rpring-balanc*. 

Farther Practical Exerolaea. Find the density of Iron (cylinder), 
Aluminium (cylinder), and Glass (s stopper). (Cf. § 31.) 


49. To find the Relative Density of a Liquid by 
th e Principle of Archimedes. ——- 

*Exp. To And the Relative Density of Methylated Spirit. 


. . __ Wt. of a given volume of spirit 


- , «a .. ■' Ol O tUCU YUU1IUP 

Rel. Density of 8pmt = -„ 7r - - T -- 

Wt. of same volume of 


water 


(by Definition). 


Weigh a metal oylinder (1) in air, (2) in methylated spirit, (8) in water, 
then, 

_ , . Loss of wt. of a solid in spirit „ . ,, 

EoL Density of Spirit - ,-- m— —r— (by Arohimedes'. 

Loss of wt. of same solid in water 

r , , . . .. Wt. in air- wt. in spirit 

r Wt. in air - wt. in water 

For example, take the following observations: 

(1) Wt. of a metal cylinder in air 64 -29 grams. 

(2) Wt. of tbe lame cylinder in spirit = 58 55 grams. 

(8) Wt. of the iam< oylinder in wat.-i = 57-11 grams. 

„ , „ . , „ 64-29 -88 65 5-7 4 grams 

A Rel. Density of Sp.ntrr^------ = riTg[am -0 * 


60. To And the Relative Density of a Solid which 
floats on w ater. 

•Exp. To find the Relative Denalty of Cork. Wcigii a metal oylinder, 
round which a pieoe of thin wire is wound, in water as ir. Eip. i, 5 48, 
Fig. 65. 

(1) Weight of oylinder + wire (in water) (Fig. 65) =67-54 grams. 

Place the cork in the balance-pan (dry) and weigh again. 

(2) Weight of cylinder + wire (in water) + cork (in air) = 67-99 grams. 

.'. Weight of oork= (2) - (1) =0 45 grams. 

By meanB of the wire, tie the cork to the cylinder, and weigh hot:, 
cylinder and cork in water.- the loss of weight = weight of water displaced by 
the cork = weight of water equal in volume to the cork. 


1 Experimental Physic* [cu. viu 

( 8 ) Weight of cylinder + wire + cork (all in water) = 65 74 grams. 

Weight of water displaced by the oork = (2) - (3) — 2-25 grams. 

„ , _ , « « i Wt of oork 0 45 

A Eel. Density of Cork = -— - ——=— - r - = — =0 4. 

Wt. of equal yol. of water 2 26 


61. To show that when a solid is Immersed there 
Is a downthrust on the bottom of the vessel equal to 
the upthrust of the liquid on the solid 1 . 

(1) Weigh a beaker containing water = 82 67 grams 

(2) Suspend the same copper cylinder as was 
used in § 48, Exp i, in the beaker (Fig 56) and 

weigh again = 89 85 grams 

There ia an increase of weight observed = 7 18 grams, 



Fig SB. 


i This experiment Is * good Illustration of Newton’s Thfrd T*w—"To 
avery action there ua an equal and contrary reaction ” 
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which also equals the lots of weight recorded on weighing the 
cylinder in water (§ 48, Exp. i). There is therefore a down- 
thrust on the bottom of the vessel equal to the weight of water 
displaced, i.e. equal to the upthrust of the liquid on the solid 
immersed. This result was to be expected, for by suspending the 
solid in the water we have raised the level of the water in the 
beaker by the volume of the solid. The same result would have 
been obtained if, instead of suspending the solid, we had raised 
the surface of the water to the new level by addition of water 
equal in volume to that of the solid. 

* Be vision experiment. Find tbo Relative Density of Methylated 

Spirit by the method of the la«t experiment (downthrust method). Find the 
downthrust (1) in spirit, (2) in water, and explain fully how the relative 
densities of the two liquid* may be obta.ned 

♦Practical Exercises in indirect measurement. 

1. Find the diameter of a piece of wire by finding the volume of a 
known length by a displacement method auri hence obtain the area of croa* 
section. Confirm your result by using the screw-gauge {§ 6). 

2. Find the length of a coil of wire, without unwinding it. 

8. Find the average internal diameter of a gleuu tube , given enough 
mercury (density 13 6) to till the tube, a beaker, ora. scale, baiano* and 
weights. 


Examplrh VIII (Archimedes' Principle). 

1. A piece of ooppeT weighs 40 05 gm. in air and 95*55 grn. in water 
Kind the relative density of copper. 

2. If a piece of bras** (density 8 4 gm. per c.c.) weighs 68 04 gm. in air, 
what will it weigh in water? 

3. Find the density of * piece of marble, roiume 6 v>5 c.c.. which weighs 
17-085 gm. 

4. If a man can odIj just lift 14 4 kgm. of iron (density 7 7 gm. per ©.a.) in 
water, what weight can he lift in air? 

6. An artiole weighs 12-6 gm in air, 8 5 gm. In methylated spirit of 
density 0*8 gm. p sr s.o. Calculate density of the artiola. 
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6. Find the relative density of a pieoe of ellver whioh weighs 84-65 gm. 
in air, 81-85 gm. in water. 

7. A pieoe of iron (density 7-3 gm. per o.o.) weighs 4716 gm. in air. 
What will it weigh in water ? 

8. What will a glass enbe, side 4 cm. long, weigh in air and in water if 
the density of glasB is 3-5 gm. per o.o.? 

9. A marble weighs 4-5 gm. In water and 2-1 gm. in sulphuric acid of 
density 1-8 gm. per o.o. What is the volume of the marble? 

10. What weight of marble (relative density 2-7) oan a boy support in 
water if 119 lbs. is the greatest weight he can lift in air? 

11. A piece of tin, volume 11-6 o.o., weighs 83-95 gm. Culoulate its 
density. 

12. A piece of rook salt weighs 9‘45 gm. in air and 4-41 gm. in brine 
(density 1-12 gm. per o.o.). What is the density of rock Balt? 

13. A lump of salt of density 2-1 gm. weighs 18 8 gm. in air. What will 
it weigh in methylated spirit of density 0-82 gm. per o.o.? 

14. An ebony cylinder of height 5 cm. weighs 9-24 gm. in air and 
1 54 gm. in water. What is its diameter? 



CHAPTER IX. 

FLOATING BODIES AND HYDROMETERS. 

62. Reasons for floating or linking. 

In Fig. 67 a body is shown immersed in a liquid. 



i'ig. yi. 

Let IF represent the weight of the body, 

and W' the upthrust due to the displaced liquid. 

These two forces act in opposite directions in the same straight 
line. 

(1) If IF> W\ the body will sink, unless it is supported by 
a string. The pull on the string, i.e. the tension T, = W - W'. 

(2) Tf FF" = W, the body will remain wherever it is placed in 
the liquid, the density of the solid being equal to that of the 
liquid. 

(3) If IFc IF', the body will rise to the surface apd float: 
the volume of the body under the surface then displaces a weight 
of water equal to the weight of the body, i.e. 

Weight of a floating body = weight of liquid displaced. 
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•53. (1) To find the Density of Wood by Flotation. 

Let D be the Density of a smooth rectangular block of 
wood (Fig. 58). Smear the block with 
vaseline and rub it dry. 

Since the block is rectangular its 
area of cross-section is constant — A sq. 
cm. 

Let 

the length of the block - (say) 45 cm., 
then 

the volume of the block = A x 45 c.c., 
and 

the weight of the block 

=■ A x 45 x D grams...(1). 
Float the block in water, gently supporting it vertically. 
Measure the depth to which it sinks = (say) 30 cm. 

Then the volume of water displaced • A x 30 c.c. 

the weight of the block = A x 30 x d„ grams .(2), 



Fig. 68. 


where 

but 


d m = density of water * 1, 

(!) = (*), 

A x 45 x D = A x 30 * 1 

.*. z>. 


-OX 


or, in words, 

the density of the wood - 


. so _ n.t 
■ TT — u 


depth to which the block sinks in water 
total length of rectangular block 


•(2) To find the Density of a Liquid by the Flotation 
Method. “ * ~ 

Let d, be the Density of the liquid (say Methylated Spirit). 
Float the same block as was used in the above experiment, and 
measure the vertical depth to which it sinks = (say) 37 cm., 
then the weight of the block = A x 37 x d, grams, 

*»t by (2) „ „ „ - A x SO x <f„. 
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.’. A x 37 * d, =* A x 30 x d w .(4), 

37*4= 30 *4, = 30x1. (5), 


/. the Density of Methylated Spirit = d,= g£ = 0 81. 

Let ns put into words Equation (5), remembering that we are 
using a block of uniform cross-section and that we are floating it 
first in spirit and then in water. Equation (5) then reads: 
depth of sinking in spirit x density of spirit 

= depth of sinking in water x density of water, 
. density of spirit depth of sinking in water 
density of water depth of sinking in Hpirit ’ 

i.e. the densities of the, two liquids are inversely f/roportional to the 
depths to which a block of uniform cross-section will sink in those 
liquids. 


64. A hydrometer is a graduated float used for finding 
the relative densities of liquids by comparing the depths to 
which the instrument sinks in the various liquids. 

The simplest form of hydrometer has ah eady Wen constructed 
in Exp. B, § 43 (see Fig. 51 6). 

* Exp. i. moat tlia loaded test-tube (Fig. SI b) in radons liquids 
(water, salt solution, methylated spirit, petrol, glycerine) and note the 
depths to which it sinks. Find the relative dennty ot eaoh liquid by 
dividing the depth to whioh the hydrometer sinks in water by the depth to 
which it sinks in the liquid. (Cl. § 53 (2).) 

*Hxp, ii. Confirm your results in Exp. i by using the common hydro¬ 
meter. 

The common hydrometer (Fig. 59) is constructed on the 
same principle. It is made of glass and consists of a bulb (B) 
containing mercury, a float (F) containing air and a stem (£) 
which carries a graduated scale. When the, hydrometer floats in 
the liquid the specific gravity may be read on the scale by noting 
the graduation which is level with the surface. Since the cross- 
section of the instrument varies the graduations are not equaL 
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Fig. 60 shows the same hydrometer floating in water and in 
alcohol. 

§ . 


fey 

I 81 1 



?ig- 59. Fig. 60. Fig. 61 a. Fig. 61 6. 


®5* Nicholson’s Hydrometer (Figs. 61 a and 6) consists 
of a hollow cylinder or bulb (B) which supports a heavy pan (P) 
below and a line stem above, on which is a mark ( M), bearing a 
lighter pan (IF). 

*Hxp. i. *o find the BsL Density of a Solid (gay a i tone). Float the 
Nicholson's hydrometer in sufficient water to cover it about 4 inch above M. 

Always adjust the weights until M is in the surfaoe of the water. 

(1) Add weights to W =(say) 12 grams. 

(2) Put the none and weigb.lt In IF. The weight) alone= (say) 3 grams. 

/. of ttout s 9 grama 




54 - 55 ] Nicholson’s Hydrometer 


81 


Remove the weights, lift the hydrometer and place the stone (S) in the 
lower pan (P). 

(3) Add weights to IF until if is again in the enrfaoe = (say) 6 S3 gramB. 
the upthrust = weight of water displaced by the stone 

= 6-39 - 3 = 3-39 grams. 

A the Rol. Density of the stone = - ^- amB - = 2-65. 

3'39 grams 

If the solid is less dense than water (say a cork), a , ieoe of fine wire for 
tying the oork to P should be attached to P throughout the experiment. 

'Eip. ii. To Bnd the 71 oh Density of a Liquid (say tali lolutiun) 
weigh the Nicholson's hydrometer and add weights to IF to Bink the 
instrument to the mark if when it is floating (1) in salt solution, (2) in 
water. Let the hydrometer weigh 200 grams. 

(1) Weights added to W when hydrometer is sunk 

to mark SI in salt solution = 54-6 grains. 

.-. Weight of salt solution displaced = 200 +54-5 grams. 

(2) Weights added to W when hydrometer is sunk 

to mark M in water =12 grams. 

x Weight of an equal vol. ol water =200 + 12 gramB. 

254 '5 

jl Rel. Density of salt solution = - =1*2. 

Examples IX (Floating Bodies). 

1. When » piece of elm wool of relative density 0 57 and volume 10 o.o. 
is floating in water, what volume will be immersed? What weight must be 
placed on it to jubI sink it? 

2. A cube of white pine w >od, 5 cm. side, floats in water with 2-55 cm, 
of each side immersed. Calculate the relative density of the wood. 

3. If u pieoo of iron of relative density 7 6 and volume 6*8 c.e. floats in 
mercury of relative density 13*6, what fraction of its volume will be immersed? 

4. An iceberg floats in sea water of relative density 1 *025 with 500 ou. yd. 
above the Burfaoe. If the relative density of ice is 0*918, what is the total 
volume of the iceberg? 

6. A loaded test-tube sinks to a depth of 12*3 cm. in water. To what 
depth will it sink m methylated spirit of relative density 0*82? If depth 
in turpentine is 14 cm., what is the relative density of turpentine? 


K iv p 
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6. A cork, relative density 0-25, is dropped into water in a graduated 
cylinder and causes the level to rise from 80 c.c. to 32 c.o. What is the 
volume of the cork f 

7. What must be the volume of the chambers of a floating dock intended 
to support a vessel of 20,000 tons? 

8. If a load of 135 tons is plaoed in the centre of a floating raft of length 
80 ft. and width 40 ft., how much will the raft sink? 

9. A loaded test-tube sinks 1G'8 cm. in water, 15 cm. in brine. What is 
the density of the brine? How deep would it sink in milk of relative 
density 1'02? 

10. 18-5 gm. are needed to sink Nicholson’s bydrometef to the mark 
With a piece of ebony in upper pan 101 gm , and with ebony in lower pan 
171 gm. are reqnired. Calculate the relative density of ebony. 

11. 16-19gm sink Nicbolaon’s hydrometer to the mark: with a piece of 
copper in upper pan 12-185 gm., with copper in lower pao 12 035 gm. are 
reqnired. What is the relates density of copper? 

12. When a glass stopper weighing 4 gm. and of relative density 2-5 it 
placed in the upper pan, 8-5 gm. are required to sink hydrometer to the 
mark. What weight will be needed when the glass is placed in the lower 

pan? 



CHAPTER X. 


ATMOSPIl KItIC PRESSURE. 


66 . The atmosphere is the envelope of air en ircling the 


earth. It extends to a height of more than 
100 miles. We have learnt (§ 40) that 
air in motion (wind) exerts pressure We 
should therefore expect that air has weight. 
Galileo (h. 1001) proved this by show mg that 
a copper sphere inere.used in weight when 
air was pumped into it. Wo can easily 
show that a gl ims globe (Fig. 62) loses 
weight as air is pumped out. A litre flask 
rende.ed vacuous lose- 1 -i'J.'fgiams in weight, 
vf originally filled with dry air at O’ C 



Pig. 62. 


under average atmospheric conditions of pressure. 


Exp. To find tlio weight of a iitr« of air. 

Boil about ,-{0 cc. of '\u:er in a .400 c.c. round 
bottomed flask, fitted with a rubber cork through 
which a plana exit-tube puRRea. Atiach a piece of 
rubber tube and a clip to the exit-tube \Fig, 63). 
When the water has boiled tor 2 minute* it may be 
assumed that all air in the fla«k has been displaced by 
stiam. Close the rubber tube with the chp and at the 
tame tune remove the flame. When the flask is cold, 
weigh it (say 87’21 grams). Open the clip; air rn«he& 
in; weigh again (sav 87’58 grams) The difference 
between these weights (0*37 grams) is the weight of the 
air entering the flask. Measure the volume of water 
remaining in the flask (say 28 o.c ) and also the total 
capacity of the flask (say 334 c.c.). The difT* r»>nce 
<306 c.c.) is the volume of air entering the flask. 
Therefore 806 c.c. of air weigh 0’37 crams. 





Fig. 68. 

6—3 
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. . .,0*37x1000 , „ . 

/. 1000 o.o. of air weigh —-= 1*21 grams 1 , 

oUo 

67. Air exerts pressure. 

Bxp. i. Tie a piooe of rubber sheeting (e.p. football bladder) over the 
rim of an open cylinder, ground at one end (Fig. 64). Plaoe the cylinder od 
tbs well-greased plate of a Tate’s air pump and exhaust the contained air. 
As the air is removed the pressure of the atmosphere it shown by the oollaps* 
and final bursting of the rubber sheet. 



Fig. 61. Fig. 66. Fig. 66 . 


Bxp. ii Von Onertetie’s (Magdeburg) Hemisphere*. ThiB experi¬ 
ment was originally shown by Vou Guericke at Magdeburg about 1650. Two 
tightly fitting hemispheres (Fig. 65) are exhausted by an air pump. The tap 
is turned off and a handle in screwed on to tbe nozzle. Great force Is now 
required to separate the hemispheres which enclose a vaouum. 

Bxp- lit. The " wlae-glasa" experiment demonstrates that air presses 
in all directions. Fill a a ine-glass with water. Place a card on the top and, 
pressing gently with the hand to keep tbe card in position, invert the glass 
a» shown in Fig. 66. On removing the hand, the card remains pressed 
against the rim and the water is retained inside the wine-glass. It Is 
evident that the pressure of air from without is greater than the preesure of 
water from within. It is conceivable that we might have used a cylinder of 

1 This result gives the weight of a litre of sir under the laboratory con¬ 
ditions of temperature (15° 0.) and pressure (763 mm.) at the time of the 
experiment. 
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such length that th» pressure of the water inside would hare been greater 
than the atmospheric pressure: the water would then have escaped on 
Inverting the cylinder. 


Bxp. ir. Punch a round hole in the lid of a mustard canister. Select a 
uuall oort to St the hole. Solder the lid on the canister, making the latter 
completely airtight. Boil a little water in the oaniBtor and when it ie boiling 
put the cork tightly in the hole and remove the flame. Quickly condense 
the steam inside the tin by pouring cold water on the outside. A vacuum u 
formed and the pressure of the air causes the tin to collapse and crumple op 


Bap. v. An elongated U-tubo about a yard in length has the end of one 
arm bitted with a tap. The tap is opened 
and mercury is poured in by the funnel on 
the left until the tube is half full. The 
meroury is at the same level on both sides 
(L,), showing that the pressure is the same, 
both sides being open to the atmosphere. 

By oounectmg to a Bunsen’s vacuum pump, 
air is now pumped out of the right-hand 
arm and oonsequently the pressure is gradu¬ 
ally lessened until an almost perfeot vacuum 
is obtained. The mercury rises on the right 
but falls on the side open to the atmosphere. 

The difference in level (Xi.jZ.g) is measured 
and found to be about SO inohes or 


L, 



-2 na position 


to vacuum 
pump 


-- imposition 


2 n,i position 


760 mm. = £T. 

The tube is next disconnected from the 
vacuum pump when the meroury regains 
its original position. The tap being still 
open the tube is tilted (Fig. 67 b) until the 
meroury reaches the tap (Fig. 67 c), when 
the latter Is immediately cloted and the 
tube replaced by the vertical position. A 
space, a vacuum, now appearB between the 
tap and the mercury and the difference in 
sides is found to be about 30 inohes as 
before (Fig. 67 a). 

B*p. vi. (a) Dip the end of a tube 
about a yard long vertically in water and 
create a partial vacuum by euoking the air 



level of the meroury on the two 



Fig. 67 e. 


out at the upper and. The water rises in the luba Explain t hi s. 
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(ft) Repeat the experiment, but dip the long tube vertically in mercury 



(density 33-6) ; it is impossible to suck the mercury up 
the tube more than a few inches. Explain this. 

(c) Connect the tube to a Bunsen’s vacuum pump 
with s piece of pressure tubing and exhaust the air 
from the tube (Fig. 68). The mercury rises gradually 
until the vertical height of the oolumn AB — nearly 
80 inches = If. 

Exp. yil. (a) Fill a tube of about a yard in length, 
closed at one end, with t carrr (coloured). Place the 
thumb tightly over the open end, thus enolosing the 
water: invert the tube in a vertical position in a bowl 
of water and remove the thumb. The tube remains 
full of water. 

(6) Using a similar clean tube, nearly fill it with 
mercury. Close it with the thumb and, by tilting, 
allow the bobble of air to run up and down the tube 
several times to remove smaller air bubbles. Next, 


Fig. 68. completely fill the tube with mercury, close the end 


with the thumb and open under a bowl of mercury, with the tube vertical 



Fig. 69. 


(Fig. 69). The meroury falls until a Hpace 
(the Torricellian Vacuum) appears with 
its lower lim.t about SO inches above the 
level of tho meroury in the trough. Slant 
the tube and notice that the upper level of 
the mercury remains constant until there 
is no vacuum space in the upper part of 
the tube. This constitutes a meroury 
barometer. The average vertical height 
of the colurun = 760 mm. or about 90 
Inches. 

(c) Plaoe the bowl of mercury and 
barometrio tube on the plate.of an air 
pump (Fig. 70). Place a greased bell jar 
over the tube and fit a perforated rubber 
cork (previously prepared and greased) 
over the tube: gradually work the cork 


Into position until the six space over the bowl is completely closed. Now 
exhaust the air by the pump. Explain the reason for the gradual fall 
of the meroury in the tube. If a perfect vacuum oonld be obtained the 
meroury within and without the tube would be at the tame level. 
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58. Fortin's Barometer. 

In obtaining the height of the barometric column (IP) the 
difference of level between the mercury in the trough and in the 
tube is measured tV hen the pressure is lessened the column 
sinks and more mercury flows into the though, thereby raising the 
level in the trough. In Fortin’s Baroraetei (Fig 71) the scale 



Fig. 70. Fig. 71. 


(•S') is attached to the tube, the zero of the scale being at the end 
of a lived pm (I’). Tin level of the mercury (L,L,) is always 
adjusted to touch the point P by altering the capacity of the 
trough or cistern, which is fitted with a leather base moveable by 
means of a screw below. 
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Aneroid Barometer. This instrument is constructed on 
the principle that a thin metallic box, fj om which the air is 
partially exhausted, will expand or contract as the pressure of 
the air on the outside diminishes or increases. The box, 
“ concertina-like,” is cylindrical with corrugated sides; the top 
rises or falls with variations of the pressure. To the top is 
attached a lever, the end of which exaggerates the movement. 
From this end a minute chain passes round the axis of a pointer, 
the chain being kept taut by tension on a spiral spring. 

General Remark! on Barometer!. 

The height of the barometer column measures the pressure of 
the atmosphere, which averages about 15 lbs. per sip in. 

If water were substituted for mercury in a barometer, a tube 
of more than 34 feet in length would be needed. For, since the 
density of mercury = 13 6, the weight of the atmosphere would 
balance a column of water 30 in. x 13-6 = about 34 ft. Such a 
column of water one square inch in section would weigh 

- x 30 x 13*6 = 14*7 lbs. (approx.). 

A glycerine barometer has a column of height = 27 ft. 

Mercury is most useful for barometers because (o) its density 
is high (13 6); (6) it does not wet glass; (c) it does not evaporate 
readily; ( d) it expands equally for equal variations of tempera¬ 
ture. 

It is evident that if we ascend or descend in the ocean of air 
around us there will correspondingly be less or more air above us; 
hence the barometer column will fall if we carry the instrument 
up a mountain or ascend with it in a balloon, but if we descend 
the mercury rises in the tube, the variation for low altitudes 
being approximately one inch in the height of the barometer 
column for a vertical rise or fall of 1000 ft. 


1 A. oubio ft. of water weighB 1000 oa. = 62 -6 ib» 
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*59. Density of a Liquid by Hare’s Apparatus. 

The relative densities of two liquids may be found on a 
similar principle to that shown in 
§ 45, where two columns of liquids 
were balanced against each other. 

Hare’s apparatus (Fig. 72) consists 
of two parallel vertical tubes, con¬ 
nected at the top by a three-way tube 
fitted with a tap T, dipping into 
beakers containing the two liquids 
(say water and salt solution). The 
liquids are drawn up the tubes to 
suitable heights by suction at T. 

The heights of the columns (A, and 
A,) are carefully measured from the 
levels Z, and Z a respectively. For 
instance, suppose that— 

Height of column of water A, 

=• 18‘] cm. 

Height of column of salt solution A, 

= 15-2 cm. 

Let D x — density of water - 1 
and D,= density of salt solution. 

Then, if 

11 = pressure (grams per sq. cm.) of the atmosphere 

on the liquid in each beaker, 

and 

p = pressure (grams per sq. cm.) of the air in tube 

connecting the columns, 

tlio pressure at Z, = H = A, x Z>, grams per sq. cm. + p 
and the pressure at L x = H - A a x D, grams per sq. cm. + p. 

.. A, x D , — A s x D Xi 
181 x 1 = 15-2 x Z>,, 



Fi*. 72. 
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] 8*1 

Z>, = ^ = 1 -19 grams per c.o. 

U'*i 

Of. result of § 45, Exp. L ~ ^ . 

rtrj 

60. Variation of the Density of the Air. 

In § 36 we referred briefly to the constitution of a gas. The 
molecules of a gas ate free to move, perfectly elastic and in 
constant motion. The gas completely fills the containing vesseL 
Its density is measured by the mass of molecules per unit volume 
and will vary as air is pumped into or pumped out of the vessel. 
At the same time the press me will rise or fall, fur the greater the 
number of molecules there are confined in a certain space the 
greater the number of bombardments of the molecules against 
the containing walls. This variation of the. density of the, air with 
the pressure may be shown as follows: In a bell jar connected 



Pig. 73. 


with an air pump, a closed bulb (Fig. 73), having a rod and 
moveable screw attached, is balanced at B. The air in the bell 
jar is then pumped out, its density lessening as the pressure 
diminishes. As the weight of the air displaced by the bulb is 
less, its buoyancy is also less and balance is disturbed, G rising: 
when air is again admitted the balance is restored as before. 

The true weight of a body la Its weight In vacuo, for its weight in air 

is leas than its weight in vacuo by the weight of air displaced (see § 46). For 
instance the weight in air of 1000 c.o. of water at 4° C. is 1000 grams - weight 
of 1000 c.o. of air= 1000 - 1-2 grams (approx.). 

61. Boyle’a Law. The last experiment is a suitable 
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introduction to the subject of the variation of the volume of a 
given mass of gas with the pressure. If we refer to the “bicycle 
putnp experiment” (§ 36), we shall remember that as the pressure 
on the air enclosed in the cylinder of the pump was increased the 
volume diminished, but on releasing the pressure the piston shot 
back, showing that the contained air has increased in volume If 
we assume a knowledge of the constitu¬ 
tion of a gas, this result was to be 
expected, for if we confine a given 
number of molecules in a smaller space 
there will be a consequent increase in 
the number of bombardments on the 
walls of the vessel, i.e. an increase of 
pressure. Robert Boyle of Edinburgh 
in 1660 experimented somewhat aimi 
larly on what he called “the spring of 
the air." 

Boyle’s Law. 

The volume of a given mass 
of gas varies Inversely' as the 
pressure, the temperature remaining 
constant. 

Bxp l To verify this law we nee the 
apparatus shown in Fig. 74- A small quantity 
of air is confined in a straight tube, the end 
jf which \E) is closed; the other end is connected with a rubber tube filled 
with mercury which terminates in a glass reservoir whioh moves vertically 

1 When quantities vary Inversely their product is constant. Thus 
if (say) 48 apples are to be divided equally among boys, the greater the 
□umber of boys the lesB the number of apples for each boy, or, the less the 
number of boys the greater the number of apples. If there were 48 boys 
sach would get 1 apple, if 24 boys each would get 2 apples, if 16 boys each 
vould get 8 apples, if 12 boys each would get 4 apples —the product of 
number of apples each boy gets and number of boys is constant ( = 48 in 
this case), the uumber of apples for e&ch boy is said to vary inversely as the 
Dumber of boy a. 




92 Experimental Physics [oil x 


along a cm. scale and is open to the air. The volume of the enclosed air 
(F) is measured along the scale (ELi) and its pressure (P) is obtained by 
adding the difference in level (A) of the mercury in the two limbs to the 
atmospherie pressure H, both A and H being expressed in the same units (say 
cm. of meraury pressure). If the levei L t is above the level L^L t , then A is 
positive, it below then A is negative. 

The observations and results should be entered as follows:— 

E= atmospherie pressure = (say) 76 om. 

Level of £ on goals = (say) 56 cm. 



It is advisable to take the observations in the first and second oolumus ai 
fuickly <u potiible as the temperature may vary it there is delay: the results 
may be worked out afterwards. 

Plot these results on squared paper, taking the pressures as ordinates. 
The oorve obtained is aailed a rectangular hyperbola. 

Bxp. ii. If the apparatus desoribed in Exp. i is not available, the 



Fig. 76. 


following simple method will suffice for volumes measured 
at pressures below atmospheric pressure (H). Half fill 
with ineroury a straight barometer tnbe damped vertically 
(Fig. 75). Accurately measure along the tube the volume 
(Fj) of air between the mercury and the open end of the 
tnbe. V , will be at a pressure E^P l . Closing the end ol 
the tube with the thumb, invert it in a glass cylinder eon 
taining mercury; remove the thumb and measure the 
volume of enclosed air (Fj) and the height of the mercury 
column (A) when the tube 1 b again clamped vertically. The 
pressure of the enclosed air (Pj) = H - A. It will be found 
that 

P, F, = r a F, (approximately). 

Keeping the lower end in the meroury, raise and lower the 
tube and take fresh readings of V and A: work out the 
produot PF as before. 
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62. To find the Volume which a definite weight 
of a gas occupies at a changed Pressure, i.e. to correct the 
volume when the pressure changes. 

We have learnt that for a given mass of gas 
its Pressure x its Volumes a constant. [Boyle’s Law.} 

Suppose that we have 1000 c.c. (P,) of gas at 700 sum. 
pressure (P,), then the constant quantity = 700 x 1000 in this 
particular case. 

If the pressure now changes to 800 mm. (P t ) 
the changed pressuie (P,) x the new volume (P,) 

= TOO x 1000, 

800 x the new Volume = 700 x 1000, 


the new Volume = 


700 x 1000 
~800 ~ 


- 875 r 


This result may be obtained directly (1) by substituting in the 
formula 

/>, P, = P, P„ 

or, it may lie obtained (2) by the unitary method , as follows:— 
At 700 mm. pressure the volume of the gas is 1000 c.c. 

1 mm. „ „ „ „ 1000 x 700 c.o. 

1000 x 700 


800 mm 


800 


= 875 c.c. 


S3. Revision Experiment. 

To find the Density of Coal Gas relative to that of 

air Weigh a dry .000 c.c. flask, fitted with a cork. Fill the flask full 
of coal gas by displacing the air downwards, passing a rubber tube 
from tbr gas supply vertically upwards to the top of the inverted 
flask Remove the tube and quickly insert the cork, keeping the 
flask still inverted. Weigh the flask full of coal gas. Find the 
capacity of the flask. Calculate the weight of air it contains 
(1000 c.c weigh 1'2 grama) and hence find the weight of the 
vacuous flask By subtraction find the weight of the coal gas 
contained in the flask and hence calculate the weight of 1000 c.c. 
of coal gas* 
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Examples X (Atmospheric Pressure). 

I. A 200 0 . 0 . flask weighs 70-86 gm. when exhausted, 71-21 gm. when 
full of air. Calculate the density of air. What would the flask weigh if filled 
with oxygen (density 0-0014 gm. per e.o.)? 

5. Calculate the weight of air in a room 8 m. long, 6 m. wide, 4 m. high, 
if the density of air is 0-00126 gm. per e.o. 

3. All the air is driven out of a flask by boiling water in it. The clip iB 
closed and the flask when cold weighs 62-72 gm. When air i» admitted the 
weight becomes 62-875 gm. The volume of the water in the flask is 17 o.o.: 
total volume of flaBk 139 c. 0 . Find the weight of a litre of air. 

4. A sealed glass globe of 1 litre capacity weighs 80 gm. in air of density 
0 001293 gm. per o.o. What will it weigh in a vacuum ? 

6. A balloon contains 10 litres of hydrogen (density 0 00009 gm. per o.c.). 
If the density of air is 0 001293 gm, per c.c., what is the lifting power ? 

6. If in Hare’s apparatus the height of the alcohol column is 43 3 cm 
and that of the water 35 5 om., find the relative density of alcohoL 

7. How high will the water column be in Hare’s apparatus if the height 
of a oolumn of alcohol of density 0-82 gm. is 35 om. ? 

8. A bladder containing 23 c c. of air at a pressure of 76 cm. is placed 
under the receiver of an air pump and the air is withdrawn till the pressure 
is 40 cm. Calculate the new volume of the bladder. 

9. When the mercury is level in a Boyle's tube the air in the closed limb 
measures 22 cm., the barometer height being 76 om. What will it measure 
when the mercury is 34 cm, above the common level? What will he the 
height of the mercury above the oommon level when the air measures 
11-4 om.? 

10. A certain quantity of air measures 365 o.o. under normal pressure 
(76cm.). What will it ocoupy under (i) 78 om. pressure, (ii) 80 om. pressure? 



CHAPTER XI. 

WATER- AND AIR-PUMPS, HYDRAULIC PRESS, 
SIPHON, DIVING REEL. 

64. A garden syringe (Fig. 76) is familiar to all If the 
nozzle (C) is placed under water and the solid 
piston drawn out liy the handle, water runs up to 
fill the space in the cylinder (AB) which would 
otherwise be vacuous. Knowledge of Chap. X 
tells as thst the pressure of the s.'r on the surface 
of the water in the tank forces the liquid into the 
cylinder. If the liquid were msrcury instead of 
water we know that if the cylinder of the syringe 
were longer than 30 inches and were hold vertic¬ 
ally it could not be completely filled with mercury 
but a vacuum would appeal when the level of the 
mercury had been raised about 30 inches above 
the level of the tank. Simdarly it would not be 
possible to completely fill a syringe with water by 
suction if the piston could move vertically in a cylinder of more 
than 34 feet in length. 

Common Suction Pump. 

In Fig. 77 is shown a common suction pump which is merely 
a syringe with the nozzle (D) extended and fitted with a valve (£7) 
or trap-door opening upwards; the piston (PP\ is not solid but is 
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also fitted with valves (FF’) opening upwards. When the piston 
(FP) is raised, water rises in D from the tank, the valve C 
preventing a back-rush of water. A few more strokes of the 
piston will fill the tube D, provided C is within 34 feet vertically 
of the level of the water D. Further pumping will raise more 
water into the cylinder ( AB ) and finally water will rush through 
the valves (FF') at the downstroke and be lifted and pass 
through B at the upstroke. 

Lift Pump. If the outlet E (Fig. 77) were an upturned pipe 
fitted with a valve opening outwards and if the top (A) and collar 
of the pump were watertight, it would be possible to force the 
water up the tube B 11 by lifting.” This arrangement is shown in 
Fig 78. 



Fig. 77. Fig. 78. Fig. 79. 


Force Pump. In Fig. 79 a similar suction pump is shown, 
but the piston (II) is solid (plunger) and the outlet tube E is fitted 
to the bottom of the cylinder. Both valves open in a direction 
away from the water supply. The valve F at the base of the 
cylinder must be within 34 feet vertically from the level of the 
water in the tank. 
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In flre^nginea (Fig. 80) an air-dome ( A ) is inserted in the 
outlet tube where the elasticity of the compressed air maintains 
the pressure when the valve C is shut during the upstroke of 
P. Two pumps working with alternating strokes are used to 
keep a continuous supply of water passing into the chamber 
fitted with the air-dome. 



Fig. 80. 



F*g. 81. 


65. Air Vacuum Pump. This instrument is made on 
the principle of the common suction pump (Fig. 77), the vessel to 
bo exhausted being attached to D, The arrangement is shown 
in Fig. 81, where A is the barrel of the pump, PP the piston, 
F and B the two valves both opening outwards, DC the connect¬ 
ing tube and E the vessel to be exhausted. The valves are of 
light construction and are in some instances ribbonB of oiled silk 
lightly stretched across the end of the air passages. A perfect 
vacuum cannot be obtained by such an instrument because a 
limit is reached when the pressure of the air in the vessel is not 
sufficient to raise the valve. 


h a p. 


7 
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Air CompreHion Pump. 

Fig, 82 represents a pump suited for inflating footballs or 
compressing gas into cylinders. The valves at E and F both 
open inwards; the illustration shows the piston moving from 



Fig 82 


right to left, F being shut and E open; on pushing P to the 
right E shuts and the air contained is forced through F into the 
receiver V. 


Sprengel’f Vacuum Pump. An almost perfect vacuum 
may be obtained by using the apparatus shown 
in Fig 83. Mercury from a reservoir E is 
allowed to flow down a tube ABC dipping 
below the surface of the mercury in the trough 
O. The -ate of flow is regulated by the tap F. 
A side tube BD, communicating with the vessel 
to be exhausted, is inserted at B which is more 
than 30 inches above tbo level of the meicury 
( G ) in the trough. If the tubes ABC and BD 
were first filled with meicury and the taps F 
and D afterwards closed, the Torricellian 
Vacuum would appear in the arms AB and 
DB. If F and D are now opened, bubbles of air 
are draw n through D by the mercury as it drops 
down the tube ABC until finally a vacuum is 
obtained in tho vessel attached at D. 

Fig. 83 Bunsen's Vacuum Pump and the Steam 

Ejector of the vacuum brake are constructed on the principle 
that water or steam rushing past an opening, which points in the 
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same direction as the stream of water or steam is passing, causes 
a suction of air through the opening. 

66. Hydrostatic Bellows. 

We have already learnt (§ 41) that in a liquid pressure is 
communicated throughout and 
in all directions In Fig. «l c \y 

bellows (.4) communicate with 
a narrow vertical tube BC. 

The whole apparatus is supposed 
to be filled with water. A 
considerable weight may be 
placed on the bellows and be 
supported by the pressure of the 
water, in the tube BC. Let the 
area of cross section of the tube b - --- 
lie (cay) 1 sq cm. The pressure 
at the level LL X A will be equal Fig. 84. 

to pressure due to the column of water in BC (say) 50 cm. in 
height above this loveL The upward pressure on A will therefore 
lie 50 grams per sq. cm , and if the area of A were (say) 700 sq. 
cm , the total upward pressure on A will be 
700 x 50 -- 35000 giams. 



Hydrnullc Pres*. On this priuciple a hydraulic (Bramah’s) 


press or a hydiioiii'- l; ft o con¬ 
structed. In the diagram (big 85) 
a force pump, with plunger or pistol. 
(P) of small area of cioss-section 
can at low pressure produce a great 
total pressure on piston (Q) of large 
area of ci os-, section. Suppose, for 
instance, that the area of P is ^ of 
the area of Q, then a force of 



F pounds on P will support a force 


Fig 86. 


(H') of 10/" on Q. 


r—a 
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If P has an area of a units and Q has an area of A units, 
then (assuming the pistons are weightless and frictionless) F will 
A 

support a weight (IF) = — x .f, -F x .4 = IF x a. 

67. Exercise (in designing). Design and draw to scale 
an apparatus suitable for compressing bales of cotton at high 
pressure. Apply the principle indicated m the last paragraph 
and calculate from your drawing the total pressure exerted by the 
larger plunger, if the pressure of the water produced by the 
smaller plunger (which is part of a force pump) is 250 pounds per 
square inch. 

68. Siphon. A siphon is a bent tube (Fig. 86) used for 

conveying liquids from one vessel 
to another by aid of atmospheric 
pressure. Usually one arm ( BC) 
of the siphon is longer than the 
other. Having filled the tube 
with water and having closed the 
end of the longer arm with the 
finger, open the shorter arm under 
water. The head of liquid lie 
tween Z* and C causes the liquid 
to flow in the direction BC. 

Let ZiZj be the level of the 
surface of the liquid. 

The pressure in the tube 

BC at Z, = the pressure of 
the atmosphere ( U ). 

The pressure in the tube BC at C 

= H + the pressure downwards due to 
the liquid in the tube from L. t to C. 
the liquid flows in the direction BC as long as C is below 
the level Z, Z,. 
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66-69] Diving Bell 

69. The Diving Dell. If we take a tumbler and posh it 

mouth downwards into a large beaker filled with water, we notice 
that air remains in the tumbler and that there is a slight rise of 
water in the tumbler as it is depressed further into the liquid. 
It is evident that the enclosed air is under a pressure which 
increases with the depth. In Fig. 87 is shown a diving bell 



* 1 , 5 .«7. 


made on this principle. It is a large tumbler shaped iron 
chamber, which may be lowered into water directly over some 
wreckage or a rock perhaps on which it may be necessary for men 
to work. Fresh air sufficient to cause free bubbling at the base 
must be pumped into the bell. Great discomfort is felt by men 
working at the high pressure which must be maintained to 
prevent water from entering the chamber from below oven at 
moderate depths, but at depths up to 30 or 40 feet (%.«. at a 
pressure of 2 atmospheres) pain is only felt when the depth is 
changing. 
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Experimental Physics 


[oh. xi 


Examples XI (Miscellaneous Questions). 

1. A piece of silver whose volume is 20o.c. weighs 210 gui. The volume 
of a piece of aluminium weighing 2 Kgm. is 800 c.o, What are the densities 
of silver and of aluminium? What wonld you expect a solid blo< k composed 
half of silver and half of alaminium to weigh if its total volume were 00 c.o. 1 

o. i. 

2. An aluminium weight of 100 gm. is attached to a cork. What must 
ba the weight of the cork in order that the combined aluminium and cork 
may float in water totally immersed? Relative density of aluminium = 2 6 : 

cork=0 24. o. ). 

8. How mnah water must be added to 50 e.e. of alonhol of density 
083 gm. per c.o. to make a mixture of density 0 9 pm. per o.e ? 

4. A glaaB stopper weighe 10-25 gm. in air, 615 gm in (.ater, and 6-9? ,-tn. 
In methylated spirit. Calculate the relative density of glues and of spirit 

6. Find the relative density of pine-wood given that weight of wood 
alone = 4 08 gm.: weight of wood in air and eiuker id waur-H JOS gm.: 
weight of ainker and wood in water = 0 405 gm. 

6. 1 o.o. of lead (rel. density 114} and 21 c.o. ol wood fi el. density 0 6) 
art fired together. Show whether they whi float or sink in water. o. j. 


7. A piece of sulphur weighs 12-2 gm. in air, 6 1 gm. in water and 
6-71 gm. in oil. Calculate the relative density of sulphur and of oil. 

8. Find the relative density of cork from the following: weight of cork 
alone = 0'89 gm.: weight of cork in air and sinker in water = 20-56 gm. : 
weight of oork and sinker in water = 17 gm. 

9. A beaker of water is placed on the pBn of a balance and oonnterpoised. 
A cnbe of copper of 2 cm. side is suspended from a separate support so that 
it is immersed in the water. What weight will he required to restore equi¬ 
librium and in which pan must it be plaood ? 

10. If the hydrostatic bellows has a surface of 1 sq. ft., to what height 
mast the tnbe (1 sq. in. cross-section) be filled with water m order to support 
a man weighing 10 stone ? 


11. A metal cylinder 1 cm. in diameter and 15 cm. long weighs 122 gm. 
What is its density ? Find to what extent it links or swims in mercury of 

density 18 6. ax 
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12. A pieoe of glass weighs 7-5 gm. in water and 8-1 gm. in tur¬ 
pentine of density 0-88 gm. per o.o. Find the volume and weight of the 
glass. 

18. A Nicholson Hydrometer weighing 84 gm. requires 21 gm. to sink 
it to the mark in aloohol and 21 gm. when plaoed in water. Calculate the 
relative density of aloohol. 

14. What Is the pressure of the atmosphere in grams per sq. em. when 

the barometer stands at 700 mm.? o. s. 

15. A Bramah Press has two pistons of radii 2" and 6". Tf 10 lbs. be 
applied to the smallor piston, what preEsure will the larger exert? 


18. If a cubic foot of water weighs 62-5 lbs. and a cubic inch of gold 
0-698 lb., what is the specific gravity of gold? o. j. 

17. If a meroury barometer registers 75 cm., what is the height of (a) a 
water barometer, (5) a glycerine barometer (density 125 gm. per o.o.)? 

18. What weight of water fills a cylindrical tumbler of diameter 
2-2 inches, height 4 inches? What is the pressure of the air on the surface 
of the water if the barometer stands at SO inohea ? 

19. In Hare's apparatus the height of a column of brine is found to be 
35 cm. while the water oolumn is 69-2 cm. Calculate the relative density 
of the brine. 

20. To what depth must a diving bell 9 ft. high be sunk that the water 
may rise 8 ft in it? (Barometer height = 80".) 


21. What will an ebony cylinder of height 7 cm. and diameter 8 cm. 
weigh in air and in water if the density of ebony is 1-2 gm. per o.o.? 

22. What weight of lead T ’ t Inob thiok iB required to oover a hemispherical 
dome of diameter 11 ft 1 (Density of lead = 11-4 gm. per o.c.) 

23. A bottle weighs 115-91 gm. when full of water and 97-8 gm. when full 
of alcohol of density 0-8 gm. per o.o. Find the weight of the bottle. 

24. 21-65 gm. are needed to sink a Nicholson Hydrometer to the mark 
in water. With a piece of cryolite in the upper pan 19-62 gm., with the 
cryolite in the lower pan 20-3 gm., are needed. Calculate the relative 
density of the oryolite. 

26. If 5-6 lbs. applied to the smaller pistoD (diameter 4") of a Bramah 
Press causes a pressure of 1 tOD on the larger piston, what is the diameter of 
the latter r 



REVISION QUESTIONS, 

Paper A. 

1. Write oat the Metrle Table of Length and give rough values for all 
the units. Wliat was the metre originally intended to bet 

2. Explain ‘ Parallax Error ’ by means of a diagram. How can it he 
avoided ? 

8. What is a Vernier ? How would you make one to read to tenths of a 
millimetre ? 

4. State various methods for finding the oiroumferenoe and diameter of 
a penny. 

6. What is (a) a parallelogram, (6) a trapezium ? How may their areaB 
be determined ? 

6. Give sketches of apparatus ased in the laboratory for measuring the 
volume of liquids. 

7. What do you mean by ‘Absolute Density,’ ‘Relative Density,’ ‘a 
litre,’ ‘Archimedes Principle’? 

8. Describe the process by which you would find the relative density of 

a piece of rook. o, j. 


Paper B. 

1. Write out the Matrio Table of Area. 

2. Give a sketch of a pair of Callipers and explain how they are used to 
find the external and internal diameter of a tube. 

8. Wliat precautions must be taken when measuring the diameter of a 
wire by means of a Screw Gauge? 

4. How could you prove that the area of a triangle is 
_ perpendicular height x base „ 

“ i 7 
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6. If the radius of a oirole ia r, what will the circumference be? What 
do you mean by t ? 

6. Give any methodB you know for obtaining the volume of a key and 

mention the chief eouroea of error in each method. c. J. 

7. Explain fully how the relative density of a liquid may be found by 
the relative density bottle. Why ia there a passage in the stopper? 

8. Describe some experiment to prove Archimedes' Principle. 

Paper 0. 

1. Write ont the Metric Table of Volume. 

2. Sketob and describe the Opiaometer and explain how it is used. 

8 How would you make a Wedge from squared paper by which the 
internal diameter of a glass tube may be found t 

4. By what means oan the length of a spiral coil of wire be found with¬ 
out unwinding it? 

6. Suggest methods for finding the area (a) of an oak leaf, (fc) of a field. 
What unit would you employ in each case ? 

6. How may the relative density of a liquid bo found by means of a 
U tube? 

7. If the relative density of iron is 7'2, why can an ironclad Bhip float? 

8. Eow would you determine the relative density of a picoe of Book 
Balt? 

Paper D. 

1. Write out the Metrio Table of Weight. 

2. How could the length of a racing track be found by means of s 
bicycle with a white patch on the tyre? 

8. Sketoh and deeoribe a Spherometer and explain how it is used. 

i. How oould you prove that the ares of a circle is wr 1 . 

6. What is * Hare’s Apparatus ’ 7 How U it used for finding the relative 
density of a liquid ? 
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8. Describe some experiment to prove that the pressure of a liquid on a 
turfaoe Immersed in it depends upon the depth. 

7. Distinguish between the Uau of a body and its Weight, and explain 
how eaoh is measured. At what part of the earth’s turfaoe will a mass of 
10 stone have the greatest weight ? Give reasons for your answer. o. j. 

8. Under what circumstances doeB a solid float in a liquid? A cubical 

box measuring 3 cm. each way just floatB in water with one face level with 
the surface. How heavy is itf Explain exactly how you get your result 
What will happen if the water is warmed slowly f o. j. 


Paper E. 

L What is the area of a Sphere 1 By what experiment eould yon verify 
yonr answer ? 

2. How may it be shown that the area of the ourved surface of a cone 
li= i ciroumference x slant height ? 

8. Sketch a Balance and name the various parts, explaining the use of 
eaoh. 

4. Describe the construction and explain the nse of a simple mercurial 
barometer. o. i. 

How would you prove that the spaoe above the meroury iB a vacuum ? 

6. Explain how you would find, by the Principle of Arohimedes, the 
relative density (a) of a solid lighter than water, (b) of a liquid. o. j. 

6. What do you mean by a fluid ? State the distinction between solids, 
liquids and gases. 

7. How is it shown experimentally that if a pressure of any amount is 

applied to the surface of a liquid the liquid transmits this pressure to every 
surface in oontact with it? o. j, 

8. Explain, with diagrams, the action of ’Suction’ and ‘Force’ 
Pumps. Why can water only be raised about 30 ft. with an ordinary pump 7 


Paper F. 

L How may the weight of a litre of air be determined experimentally? 

2. Sketch an arrangement by whioh you would show that the intensity 
of pressure is the same at all points at the same depth in water. o. J, 
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S. Describe with sketch end brief explanation an 'exhausting' air 
pomp. o. 3 . 

How would you use it to prove that the metoury in a baiometer is 
supported by the Atmospheric Prensure! 

4. Id a beaker containing water iloats a sphere of wood. If the vessel 
is put inside the receiver of an air pump what will happen to the wood (o) if 
the air is exhausted, (6) if more air is forced in? Give reasons. 

5. Explain the action of a Siphon. 

6. State the ‘Principle of Archimedes' and Rpplv it to a balloon. 
Explain why a balloon first rises rapidly and finally cesses to rise. 

7. Describe Nicholson'e Hydrometer. How is it used for finding the 
relative density (a) of a solid, (<>) of a liquid * 

8. Give a diagram of an Aneroid barometer and explain its action. 
What is the meaning of the word ' aneroid'? 


Paper G. 


1. What is meant by (a) a sid uru. day. (5) a mean solar day, (e) a 
second ? 


2. How would you prove that the time r.f oscillation of a pendulum is 
independent of the ‘amplitude’ of vibration when the amplitude is small? 


8. Sketch and deBomie Fortin's Barometei. 

4. The relation between the length of a pendulum (I) and the tune of a 
aomplete oscillation * to and fro’ (t) is given by the equation 


where 


t = 2ir 


\ 



p — 981 when i is moasnied in nnt, 


= 82 ,, I ,, ft. 


If the lengths of two peudulums are 100 cm. and 81 cm., compare the times 
taken by each in making 40 oscillations Confirm yonr results by referring 
to the onrve on p. 15. 


&. Explain the action of fipieugoi’s Vacuum Pump. 



SECTION III. 

MECHANICS 

CHAPTER XII. 

VELOCITY, ACCELERATION, FORCE*. 

70. Motion. If two trains travelling in the same direction 
on parallel sets of rails are slowly running at the same speed 
into a station, they move like one train and each appears to 
passengers in the other train to be at rest. If the rails are 
smooth it is only possible to tell whether the trains are at rest by 
observing fixed objects on the station. “ Rest ” and “ motion ” 
[therefore are relative terms. A cloud carried by the wind is at 
rest with regard to the air which carries it, but is in motion with 
reference to the ground over which it is travelling. Motion may 
be very complicated when several superimposed motions are im¬ 
parted to a body. Consider for instance separately the various 
movements which are combined in the actual movement in space 
of a lamp hanging in the cabin of a rolling and pitching ocean 
liner; to the various motions of the vessel contending with tide 
and wind are added the displacements in space due to the earth’s 
rotation and its motion round the Bun. 

Speed. We measure the speed of a moving body by the 
distance travelled in a given time. The units selected vary. 
Thus we speak of a train travelling at a speed of 

1 For the experimental treatment of Velocity, Acceleration and Foroe see 
f 75, which may be read before H 70—74 il preferred. 
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Speed, Velocity 


60 miles per hour, i.e. per 60 minutes, 


or 

1 mile 

per minute, 

or 

TO miIe 

per fa minute, i.e. per second, 

or 

1760 x 3 Js , . 

—- K - feet = 88 feet 
ou 

per second. 


If the speed of a train moving 88 ft. per see. is kept uniform 
for one hour, then the train would travel 60 utiles in the hour. 


71. Velocity. The word velocity includes a knowledge of 
the directicrn of a moving body at the particular moment of 
observation in addition to its speed. 

Velocity is measured by space travers'd in a unit oj time and 
may be variable or uniform. Instances of uniform velocity are 
rare. An aeronaut for example might continue to fly 40 miles in 
each of 3 consecutive hours, but his velocity would from time 
to time be affected by the wind. His actual velocity at any 
instant would be measured by the space traversed in the particular 
second under observation, but this would not necessarily be the 
*am« as his average velocity, which would be the velocity with 
which he would traverse the wholo distance in the same time 
with uniform velocity. 


His 


, , whole space traversed (s) 

average velocity (t>)=---r v ; 

time occupied ( t) 


3 x 40 miles 
3 hours 


It is evident that 


3x40x1760x3 feet 
3 x 60 x 60 sec. 


58* feet per sec. 


space travors. s! (s) = average velocity (v) x time (t\ 
t.«. ,<t = H. 

Diagram of velocity, time and «pace. 

Imagine a heavy stone hi he moving over smooth ice with a uniform 
velocity of 8 feet per eeo. Uow shall we represent graphically the velooity 
at any given instant, and the space traversed in any given time (say 4 seos.)? 
Draw on squared paper two axes OS and OX (§ 18) at right angles to 
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represent time end velocity respectively (Fig. 88). Meaenre from O along 
OF a distance OA ( = 8 cm.) to represent a velooitv of 8 ft /seo. Through it 
draw AH parallel to OX 



fig 88 

From 0 along OX measure OM ( = 4 cm ) to represent an interval ol 
4 seos Draw MP perpendicular to OX Then MP ( =0 4) represents the 
velocity (3 ft /sec ) at the end of 4 eece The area OAPM (~OA x 01If) 
represents the product of the ti-ne and the velooity and therefore also 
represents the space or distance traversed (=12 feet) and the line AS is the 
velooity-time curve (§ 13) for the stone moving with a velooity of 3 ft /see 
Practical Example. Represent by means of a graph a uniform velooity of 
6 ft. per seo and shew how the space travelled in 2) seos can be found from it 

72. Acceleration. In a diagram arranged on the same 
principle as that of § 71 the line AC (Fig 89) represents the 
time velocity curve of a body moving not with uniform velocity 
but with a velocity that uniformly increases at the rate of 2 
units in every second The rate of Increase of velocity ia 
called acceleration, which m this example is 2 unite per Bee, 
*.«. 2 (ft per sec ) per sec and is uniform 

Through A draw AS paiallel to OX, cutting the verticals (ordinates! 
PM, QN and RL in p q, r 

Let ns interpret the diagram (Fig 89j 
The Initial velocity is represented b\ OA = w = (here; 1 ft per sec., 

the sSMlsratioe is represented by pi’ -f= (here) 2 ft. per seo. per sea 
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The velocity at the beginning of lat eee. 

ie represented 
by 

OA 

symbol 

u 


„ 1st aeo. 

MP-iTp+pP 

u+f 

• » •• »> 

„ 2nd see. 

NQ=Ng + gQ 

u + 2/ 

It ** ♦» 

,, 3rd sec. 

LR = Lr + rll 

0 + 8/ 

t» »• II 

„ 4th seo. 

KC=KB + BC 

0 + 4/ 

A velocity at the end of the 

fth see. 

= p = 

u+ft 



number in 
diagram 
1 ft./seo. 

3 ft./seo. 

5 ft. /sec. 

7 ft./seo. 

9 ft./seo. 
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The average velocity (or 1st sec. = **—7? = here ~ = 2 ft./sec. 1 

it & 

distance traversed in 1st seo. = av. vel. x time = here 2 ft., 
vhioh is represented by 

O^fMP x oaf=are!l Qf 0APM .[g 16 (5)j. 

Similarly, 

the average velocity for the 2nd seo. = ( u j Q —(here) —= 4 ft. 

and the distance traversed for the 2nd sec. — (here) 4 ft., 

which is represented by * UN = area of MPQN ..[§ 16 (5)], 

and so on aocording to the following table:— 


The particular 
second 
observed 

Average 

velocity 

Distance 
traversed 
= av. vel. x time 

.Represented 
graphically 
by area 

1st 

—= 2 ft. seo. 

2x1 = 2 ft. 

0.1 PM 

2nd 

i±* = 4ft. seo. 

4x1 = 4 ft. 

MPQN 

8rd 

-^ = 8 ft. seo. 

8x1 = 6 ft. 

NQRL 

4th 

7 + 9 

—- - = 8 ft. seo. 

8x1 = 8 ft. 

UIGK 

For the whole 
time (t) 
observed 

«+(«+/t) 

2 

=u + i/t 

(ux4/()f 

= «f + J/» a 

i 

OACK j 


In diagram 89 the distance traversed (») at the end of 4 seconds (t) is 
represented by the urea OACK, but 

area of OACK= rectangle OABK + triangle ABC 
= (here) 1x4 + J(2x4)x4. 

dlstanoe traversed In t see. = t ~ ui + ifi J - 

1 It will be seen from the diagram when a body is moving with uniform 
acceleration that the average velocity for a given interval is half the sum of 
the velooitieB at the beginning and the end of that interval. 






Acceleration 


72 7:jJ 


ua 


fixerels* ta Graphic 2L«prc»«iat&tloa. 

A body plaits with a velocity of 5 cm. per Bee, and mo*ep for 5 0 eca. with 
a uniform a: teleration of 2 cm. per sec. per boo. Find by meauB of a graph 
U rtpace traversed in the third second and in Ibt fifth eeoond. 


We have now obtained the formulae:— 

v=u+/l .(1), 

» = ui+lf[2 .( 2 ); 

by squaring (1) »'e obtain 

v 1 - n* + 2 fu> ■rpt' 1 
= u 5 -t 2 f(‘U + lfl‘% 

:.v* = J + 2ft . ( 3 ). 


Retardation. When d moving body gradually comes to 
rest, the rate at which its velocity diminishes is called its 
retardation which is equal hut of opposite eign hr the accelera¬ 
tion which must be imparted if the body started from rest and 
acquiied the same velocity in an equal time. Hence a r'lardation 
is a negative acceleration, and the above formulae will hold 
good, hut instead of J we must insert — f. 

N.B. in the graph (Fig. 88) the cradlem, ^ or ^ = 2, measures the 

(>• crlrration. Similarly in Fig. 88, the gradient being zero, the acceleration 

is zero. 

73. Acceleration of a falling body ( g). If a body is 
free to fall in vacuo it acquires an acceleration denoted by 

0 — 32 ft. per *ec. per sec. (approx.) 1 

= 981 cm. per eec. per »eo. 

Biampl* l. A etene it thrown vertically downward! from a tower with 
a vel. of 10 ft./eco.; (a) how far will it travel in 4 secn.< (i) wliat will be its 
veL when it has iallon 100 ft.? (c) what will be its vel. in 1 seas.? 

(a) To find », use > = ut + i/i’, 

(b) To find v, „ p*=u I +2/>, 
tc) To find v, „ v = u+/t, 

remembering that u = 10 ft./see., i = 4 6ecs., 
t'.d f=g = 3‘2 ft./seo.’. 

1 Acceleration (ft. per seo. per sec.) Is often expressed as ft./seo.’. 

is k. r. 8 
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ExampU a. A stone is thrown vertically upward* with a velocity of 
100 ft./eeo.; («i) how high will it rise and (e) when will it oome to rest? 

(d) To find the height », nse t> 5 =u» + 2(- g )«. 

Remember that c = 0 and u = 100 ft./eeo. 

(when the stone is at its highest point e = 0). 

(e) To find the time V, nee t> = u + (-p)t. 

74. To find the value of “ g 

The apparatus shown in Fig. 90 consists of a long pendulum 
bar AB oscillating about A; an adjustable heavy 
weight C may be moved along the bar to vary the 
time of vibration of the pendulum. A piece of 
thread is tied to a weight IF and is passed over two 
pegs D and E and arranged to hold aside the bar. 
The edge of W almost touches the rod at its point 
of suspension. If the thread is burnt the pendulum 
and weight start at the same moment. The 
position of C must be adjusted so that the weight 
strikes the bar near B, i.e. at the end of one balf- 
swing. Blacken the weight with the smoke of a 
lighted candle so that a mark is left on the rod; 
take the mean of three observations to obtain the 
distance * through which the weight falls before 
striking the rod. Measure « in ft. and cms. The 
weight falls a distance 8 while the pendulum is 
completing half a swing t. Count the time of 60 
swings, remembering to begin counting 0, 1, 2, <tc. 
and thus obtain the time of half a swing by 
dividing the whole period by 100. 

Calculate g in ft. [sec* and in cm. /sec. 1 , using the formula 
* = \ 9 &- 

75. Velocity, Acceleration and Force treated 
experimentally. 

In the following experiments on moving bodies we have to 
observe (a) the space traversed (length), (6) the time occupied 
and (c) the mass moved. 
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73-75] Trolley Experiments 

We shall try to show that:— 

(1) If a moving body is acted on by no force it travels over 
equal distances in a given time, t'.e. it moves with uniform 
velocity (see § 35 and Exp. i infra). 

(2) If a body is acted on by a force its velocity either 
increases or decreases (it does not remain constant) (see Exp. ii 
infra). 

(3) If the force remains constant the rate of increase (or 
decrease) of velocity is constant; but if the force increases or 
decreases, the rate of change of velocity, or the acceleration, 
increases or decreases in the same proportion (see Exp. ii infra). 

(4) If the mass of the moving body is altered, but the force 
causing motion remains constant, the acceleration changes in 
inverse proportion to the mass moved (see § 61, note and Exp. iv 
infra). 


exp. L The tody to be moved is a heavy wooden trolley 1 (Fig. 91), ot 



Fig. 91. 


which the mass may be varied by putt.ng metal cylinders into the six holes 
Bhown along its side. The wheels ran smoothly, but on a level table the 
force of friction brings the trolley to rest. The table therefore mast be 
•lightly hlted so that the pall of the earth on the trolley will just balance the 
force of friction tending to stop the body. The trolley will then move as 
nearly as possible under the action of no force. 

1 The apparatus was invented by W. 0. Fletcher, Esq., H.M. Chief 
Inspector of Secondary Schools. 


8—2 
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As the time during which motion occurs is short, the method of measuring 
time by s swinging pendulum (j 12} runs! he modified. A nbiot:ng metal 
spring or bar {AH) is firmly damped at A, while the free end B carries a 
finely pointed brush dipped in ink. When the free end is pulled aside and 
let go the bar vibrates and the brush moving backwards and for waids traces 
a wavy line on a card pinned on the moving trolley. As in the pendulum, 
the period ol vibration is proportional to the square root of the length of the 
rod (AB) (of. § 12). Adjust the length of tii" bar to obtain 6 oompleto ‘ to and 
fro ’ vibrations in one seaona; the period of a single 4 to and fro ’ movement 
is therefore ) sec. and the time occupied by the trolley in moving through 
the distance between two adjacent ertsts of tbe vary line is j of a second. 

A string attached to the trolley passes otor a pulley and suspends a light pan 
containing weights (IK). Pin a card on the left hand ! all of the trolley (se** 
Fig. 91). Place the trolley so that it touches the upright at A and supports 
the pan (J V) on the shelf of the retort stand, the striry being taut. Set the 
bar vibrating and quickly lower the shelf about ± inches. The trolley will 
move (1) through 4 inches under the action of a force (swnght of IP, 
'including pan), (2) through the remainder of ito J.uiuey across the table, 



Fig VI. j) n.'tju! sue.) 


acted on by no force. Remove the card and draw s straight line (Fig. 92) 
along the length of the wavy lino midway between crests and hollows 
Measure the distances between albrnato cmsenigs of this straight line by 
the wave traoe. These distances are all equal and were travelled over by tin 
trolley in } seo. eaoh. The body theicfore when act9d on by no force moved 
with uniform velocity. 

Exp. ii. To illustrate (2), p. 115, the sr ulf pan and cord are removed. 
Th* table is then tilted and the trolley is (u) started from rest down tbe slope 
or (b) started by a gentle push tip the slope. In the former case (a) it is evident 
that the velocity increases; while in the latter case (t) tne velocity at starting 
may be adjusted so that the trolley comes to rest before reaching the top of the 
slop.*. Neglecting friction the only force acting on the body is the pull of the 
Earth which, as the table is not level, acts to some extout down the elope 

Dxp. iii. To illustrate the third statement [(3), p. 115] the table is again 
Uvelled and tiie scale pan attached to the trolley. A wave-trace is taker 



117 


75J 


TroiUy Experiments 


(Fig. 93) when the trolly etarte from rest and is constantly pulled by the 
weight W. A second wave trace is < Mamed wheD the weights and scale pan 
are increased to 2!F In each ease the t»ie ol change of velocity [accelera¬ 
tion) is obtained as shown below and is found to bo constant (or each 
particular case, out the accelerat on in the second ca*n is d .Me that in the 
Bret. Therefore, the rcasa of the body moved hjin-t lupt constant, the ntt 
of ehanjt of velocity, or ac’clnrat on, t» p’'v tional to Ike force causing 
motion 





F>e hi 


t! ’fto 
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VI «&*ur« meats from four trace* by Fletoher’s Trolley, Traces a ~8. 


Time unit 

} SCO. 

Cine, 
travelled 
in i sen 

Average 
vel. in 
cm / = ec. 

Increase of 
vc'. ]>tr 
i eeo. 

Accelera¬ 
tion in 
cm./Bcc. 1 

Motive 
force in 
Jb. wt. 

a 1 

2-15 

12-25 




2 

2-80 

14-00 

1-75 cm.(see. 

8-75 

005 

3 

3-15 

15-75 

1-75 

»» 


i 

3-50 

17-50 

1-75 

*> 


6 

3-65 

19-25 

1*75 

»» 


|S i 

1 4 

7 a 




2 

21 

10 5 

3-5 cm./sec. 

17-5 

0-10 

3 

2 8 

14 0 

3-5 

II 


4 

3-5 

17 5 

3-5 

»# 


6 

4 2 

21 0 

3*5 

.. 


7 1 

V5.5 

7-75 




2 

■i 00 

13 00 

5-25 cm./aeo. 

2626 

015 

B 

3 G5 

13 25 

5-25 

9f 


4 

4-70 

23 50 

5-25 

h 


6 

6-75 

29 75 

5-25 

M 


i 1 

18 

SO 




2 

8-2 

15-0 

7'0 cm /see. 

86 0 

0 20 

8 

4-e 

23 0 

7-0 


! 

4 

6-0 

300 

7 0 

»* 

I 

6 

7-4 

37-0 

7 0 

II 



The cumbers in the two last columns are in proportion, i,e. acceleration 
la proportional to force , when mast ia constant. 

Notice chat acceleration is constant as long as force is constant. 

Exp. iv. To illustrate (4), p. 115, the weights in the pan are not altered, 
t.e. the force causing motion remains constant, but wave-traces are obtained 
(1) when the trolley is loaded with all the metal cylinders, (2) after the maPH 
of the trolley has been reduoed by removal of the cylinders. From the 
wave-traces the accelerations are carefully calculated as In Exp, iii. If tht 
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maun of the trolley in the two eases are as 3:1, then the corresponding 
acceleration! are found to be in the proportion of 1:2. This result proves 
that if the force causing motion remain oonstant, the acceleration u invtudy 
proportional to the man moved 1 . 


Examples XII (Speed, Velocity, and Acceleration), 

[N.B. In working oat examples remember that if a body starts from rest, 
u = 0, bat if a moving body is brought to rest. o = 0.J 

1. Express a speed of 30 miles per hour in feet per second. 

2. Express a speed of 88 feet per second in miles per hour. 

8. A train starts from Doncaster at 10.40 i.M. and reaches King’s Cross 
(156 miles distant) at 1.40 p.m. Calculate the average speed in (a) miles per 
hour, ( b ) feet per second. 

4. A train starting from King’s Cross at 2.20 p.m. and travelling at an 
average speed of 47 m. 1120 yds. per hr. reaches Edinburgh at 10.35 p.m. 
Find the distanae travelled. 

6. Express a speed of 16 metres per second in miles per hour. 

6. A patch on a bicycle tyre makes 140 revolutions per minute. If the 
external diameter of the tyre is 28 in., calculate the speed in miles per hour. 

7. A body starting from rest and moving with uniform aooeleration 
traverses 72 ft. in 6 secs. What is (a) its acceleration, (6) its speed at the 
end of the 6 seconds ? 

8. A body starts from rest with a uniform acceleration of 8 ft. per seo. 
per seo. In what time will it acquire a speed of 24 ft. per sec. I 

ft. A body starts with a speed of 10 ft. per seo. and moves with an 
acceleration of 5 ft. per eec. per seo. What will its speed be (a) when it has 
traversed 30 ft., (b) after 5 seconds 7 

10. A particle moving in a right line with uniform acceleration has at a 
given instant a speed of 6 ft. per sec. and 10 sees, afterwards it has a speed of 
35 ft. per seo. What is the magnitude of the acceleration? Over what 
distance does the particle move in the interval? o.l. 

1 In these trolley experiments, the mass moved includes the masses of th• 
weights and pan, but these latter berng small in comparison with the mass 
oi the trolley may be noglected. 
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11. A stone is thrown vertically upwards with a velocity which will just 
carry it to a height of 100 ft. Calculate the velocity of projection and the 
time taken to reach the highest point. 

12. A ball is thrown vertically upwards with & velocity of 80 ft. par sec 
After what interval will its velocity be 40 ft. per sec. ? 

18. A stone is dropped from a captive balloon and reaches the ground u, 
10 secs. How high is the balloon 1 If the balloon were moving upward? 
with a velooity of 82 ft. per eeo. when the stone was dropped, what tune would 
elapse before the stone began to fall ? 

14. A body falls from rest. Find the spaoe described by it in tbe 4tb 
second. 

15. A stone is thrown vertically upwards with a velocity of 64 ft. per sec 
2 seconds afterwards another is thrown up from tbe same place with the jam* 
velooity. When and where will they meet f 



CHAPTER XIII. 

COMPOSITION AND RESOLUTION OF FORCES. 

76. Parallelogram of Velocities. 

Exp. I'ut u marble at 0 in a glass tube OA (Pig. 94) and 
place the tube on a drawing board. Raise one comer of the 
board in -such a way that the tube roll? across the hoard and at 
the same time the marble rolls down the tube. Let the tube 
and marble each move with uniform velocity. At the end of 

B C 

<7 . 

; » 

/ 

~ .• vd 


O A, A 

Fig. 94. 

the first second let the tube roll a distance OB, and the marble 
roll a distance B 1 C 1 down the tube. By the end of the second 
second the tube will be in the position BC where OB =■> 205,, 
and the marble will have rolled to C , where BC =» 25,(7] • It can 
be proved by geometry that 0, (7, and C are in the same straight 
iin©. The position of the ball at the end of the first and second 
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second conld also be found by considering the displacements to 
take place separately, i.e. let the ball move along the tube for a 
second and come to rest at A lt and then let the tube roll for one 
second, thus carrying the ball from A 1 to C lt the velocities being 
the same as before. Similarly, let the ball move for two seconds 
from 0 to A, and the tube afterwards roll for two seconds from A 
to 0. It is evident then that OB = AC and OA =BG and there¬ 
fore that OACB is a parallelogram, and that the actual path of 
the ball, when both displacements take place at the same time, is 
the diagonal OC. It is therefore clear that the resultant velocity 
of the two separate velocities superposed on the ball is repre¬ 
sented by the diagonal of the parallelogram, both as regards 
magnitude and direction of the velocity. 

Parallelogram of Velocities. If a particle is given, at 

the same lime, two velocities represented by two adjacent sides of 
a parallelogram, these velocities are equivalent to a single velocity, 
represented by the diagonal of the parallelogram passing through 
' their point of intersection. 

BnrolM. On squared am. paper draw to scale a diagram showing the 
position of the ball at the end of 1, 8 and 4 sees., when the tube rolls in a 
direction at right angles to that of the ball, the velocity of the ball being 
2 om. per eeo. and that of the tube 3 cm. per sea; and show by accurate 
drawing that the path of the ball is a straight line. 

77 . Parallelogram of Forces. 

We may apply the parallelogram of velocities to find the 
resultant of two accelerations simultaneously given to a particle, 
for acceleration is the change of velocity per second; and 
similarly we may extend the application further to find the 

resultant of two forces acting od 
a particle at the same time, since 
forces are proportional to the ac¬ 
celerations they produce in the 
same mass [§ 75 (3)1. 

Let OA (Fig. 95) represent 
a force of 4 pounds acting in the 


B C 
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direction OA, and OB represent a force of 3 pounds acting in 
the direction OB. 

Complete the parallelogram OACB, then the diagon al OC on 
the same scale represents in magnitude and direction ( 0 to C) 
the resultant force, i.e. the single force which will replace the 
forces represented by OA and OB, and produce the same effect. 
Here OC - 6 units, and therefore the resultant force = 6 pounds 
acting in the direction 0 to 0. 

Parallelogram of Forces. If two forces acting on a 
particle be represented in magnitude and direction by 
tvro adjacent sides of a parallelogram, the resultant of 
the forces Is represented by the diagonal of the parallelo¬ 
gram whloh passes through their point of intersection. 

Equilibrium. If a number of forces acting on a particle 
produce rest, i.e, the p.-rticle does not move, the forces are said 
to be in equilibrium. 

For instance the hub of a bicycle wheel at rest is kept in 
position by many forces acting along the spokes of the wheel and 
through the axle. 

In Fig. 95, it is evident that if a force of 6 pounds in the 
direction C to 0 were suhbUto'ed for the resultant OC, the three 
forces OA, OB and CO would bo in equilibrium, the force CO 
being equal but ojrpusite to the force OC. 

78. Experiment io illustrate the parallelogram of 
Forc ea. 

Attach thread to three sets of weights M, N and L (Fig. 96), 
and having knotted the threads together at 0 hang them over 
two pulleys G and F (as shown in the diagram) attached to a 
drawing-board. Pin a piece of paper to the board. Move 0 
from its position of equilibrium and notice whether the threads 
again adjust themselves at the same angles. Carefully mark the 
dmetions of the forces P, Q, and R by two pencil marks on the 
paper along each of the threads. Note the magnitude of the 
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forces P, Q and ft (i.e. record the weights L, M and IT). Remove 
the paper and, tailing suitable units, complete the parallelogram 
OACB as illustrated in Fig. 95, § 77. The diagonal 00, which 
represents in magnitude and direction the resu'i.int of forces 



represented by OA and OB, should he e<pia1 to R (in this case 
5 units) in the hne D produced a -d opposite to R in direction. 

[N li. It is not nercNb.-r' to u!te tb- ra-no weights as are indicated tn 
Fig. 96.] 

Exercises. 

(T) Find by a g’-apMo mr'hod the resn'lsnt of two forces of 4 and 7 
poimds weight acting from a point at 8»i aogh of 60" to each other (of. Fig. 95). 
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(2) Find by a graphic method th< rem,'tt.nl of forces 6 ana 12 pounds 
weigh* acting on a paruolt ai right i.i io lacn other. Confirm y Uu( 
results by calculation. 

(8) Two foites of 0 and 11 prams acln i; al .. j o-nl hare a resultant of 
14 grams. Find oy a gre'm * ir» tl J ii.< n elm. > i the forces (ct Fig 95). 


. h 

n 

M . 0 

L’ 

L't L 

* OJ) > 

rj a 

t 

tiaO 

r 

1 

m i 

t 

r> 

J ( 

►*tv7 

i l 


a C* 

hr 

T. to 


/.Wv 

AT 


Ihi- f true R i“piosontiid by 
•- .,0 


79. Resolution of For- es 

To revive a for. r in tvic. uirutnns is to f ud ti.c Wo forces 
acting in iiie given direction', which lugiihor bu c the “r.iue etlcct 
as the original fore** 

For instance, if wo wi-h *■ r, 

OC (Fig. 97) in tho two 
OA and Oil , w■» U/.t 
parallelogram by Jr.-w >.g C 
CB parallel to OB and 0 t 
tively. Then the component., i 
Q, which are togelhe- c«ju» 
if by the Parull; iogi'am of ]‘ >: 
represented b) OA end Oh -no, i.n 
are called the resolved pails of 


ng 9 1 

■u the 4 re. <oms OA and OB 


Exercises. 


(1) OC In Fig 97 represent' o pull 
horizontal and vertical ton ; tnc.it i, i 
reBolve OC horizonta'ly and vertically 

(Dee a rum. ruler.) 

(2) 00 in Fig. 99 riprerenls a f^rce 
of 89 pounds; reaolvo this farce to the 
directions OA and US and mesa ire ihe 
anglea which the c-rnpor. n.s make with 

the original tone. 


of toes in r. wire rope; find the 


l, 



C 



A 


Hg 9S. 


(3) Reaohe both h-r.z nla.ly aud v t .lic;.lly a force of 24 pound' ae'n.K 
upwards at an angle of 80 w.th the vutioi.1 

(4) Resolve a force of 20 giame .nt L' o components acting at angles of 
80° and 45° with tho direction of the - J , - - fu.ee. (Ute a graphic 
method.) 
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, 80. Triangle of Foree» . 

JS i. k » S”'V;ri".;L“ r i* “» .*■»»**. 

v 8* /. *ufc tlio Jag of *v over a nail driven into a 



£2“ b0 ! a h r J , tak ’fR tnc r “« B °» 1 «*a -V in the two bands and pulling 
at o ST f n ‘, t ,U h f e P “ 9,t,0 r o£ 1 aI ‘ d M “»««* three forces acting 
^ i i -IT, ^ Fll i 8nd * by *«*»« »■& through the 
hMw«n ih * the 9tring9 516 ** Note that the angles 

between the strings arc equal to those in Fig. 90 , § 78 , Tahin” OA and OP 

2ltoA%Toel tl re8p r e * 49 in S2 

gram 04Dfl. OD should be equal to 6 units and Bhould also ba in the same 
straight hue with <70. 40 is equal to OB and represents 8 units 

triaD6 ' e ° dD (Fig ' 100 > ***« ‘be three forces in 


A 



Fig. 100. 


The side 04 represents in magnitude 

and direction a force of 4 along 04. 

The side AD represents in magnitude 

and direction a force of 3 along OB. 

The eido DO represents in magnitude 

a “d direction a foroe of 5 along 00. 

Notice also that the Bides 04, AD and DO 
ire taken in order. 
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Erp. ii. Next move L and M to new positions. Record the dpw tensions 
Indicated by the spring balances and draw a triangle having its sides parallel to 
the directions of the three forces. If the puil recorded by one of the balanoes 
is (say) 60 grams, make the corresponding side of the triang'e «0 mm. in 
length. Then the lengths (In tnm.) of the remaining two sides will corre¬ 
spond to the tensions (in gms.) of the other two strings. Note too the 
direction of the tensions m the strings is the same as the direction of the 
sides of the triangle taken <n order. 

Hence we obtain the following general statement 

Triangle of Forces. If three forces acting on a particle are In equi¬ 
librium, they can he represented In magnitude and direction by the Rldoa of 
a triangle taken In order. 

The converse is also true. If three forcer, acting at a point can bo 
represented In magnitude and direction by the sides of a triangle taken In 
order, they are In equilibrium. 

81. Practical Problems. 

1. Knot three strings together at 0 (Fig. 101) and hong a weight W 



by two spring balances A and B. Find the tensions in the strings OA and 
OB. Draw a vertical line CD — W units and construct a triangle CDF, 
having BE parallel to OA and EC parallel to OB. On the same scale 
measure BE and EC i the tensions measured by the spring balanoes at A and 
B should be in proportion to the lengths of DE and EC. 

2. Funicular Polygon. By means of a string tied to two nails A and B 
(Fig. 102) suspend three weights IF,, IF,, IF,. Knowing the weight of IF,, find 
the weights of IF, and IF, and the tensions in the strings. As in the last problem 
draw a vertical line .Y,A' 4 and measure ofl .V, -V, -- IF, units, complete the 
triangle X,X l O by drawing A,0 parallel toA 1 A and OX, parallel to A, A,, then 
the three sides of the triangle X , X , 0 represent the three foroes in the strings 
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which keep the point A t in equilibrium. Continue 1 by drawing OX t parallel 
to A,A,; then in the triangle A', X., O, A’,Xj represent* IT, and X t O repre- 
sent* Tf and OX 3 represents T s ; and so on. 



Fig. 102. 


In this particular css;, given tbsl IF. weighs 1 pound, it is found by 
measurement from the diagram, taking .Y,,Yj = l unit of length, that: — 
OA’i= 4 4 units, OX,=S’6 unit-, A’, X, - 'J units, <tc,, 
and therefore, ooneepondingly, 

2', = 4-4 pounds, T t =3-5 pounds, TT,=2 pounds, &o. 

Examples XIII (Composition an r> Resolution or Forces). 

1. Represent graphically foroes of 15 lb. wt and 25 !b. wt. aoting at an 
angle of 120°, and find their resultant by measurement. 

2. A horse exerts a pull of 150 lb. wt. on a railway truck at 30° to the 
direotiou of the rails. Find the force pulling the trnok forwards and that 
tending to pull it off the rails. 

8. Foroes of 6 lb. and 12 lb. wt. act at an angle of 90° to each other at a 
given point. Find tlio direction and magnitude of the resultant. 

4. If the resultant of two forces acting at right angles is 2J lb. wt. and 
one of the forces is 1J lb. wt., what is the other force? 

6. Forces of 2, 4, 6, 8 lb. wt. act at a point at right angles to one 
another. Find the direction and magnitude of their resultant. 

1 [N.B. When the equilibrium of the point A a is considered, the directions 
of tensions T a and T t are away from A].} 
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6. A force of 8 lb. wt. acting vertically upwardB i« resolved into two 
forces, one being horizontal and eqnal to 6 lb. wt. What is ti e magnitude 
and direction of the other component ? 

7. The resultant of two forces, one of 8 lb. wt., the other 17 lb. wt., is a 
foroe at right angles to the smaller. Hour-nine the magnitude of the 
resultant. Mark on a diagram the dir,cti ms of all the forces. o. j. 

8. A weight of 20 lb. is suspended by a string and is polled horizontally 
by a force of 15 lb. wt. Find (a) the angle the string makes with the vertioal, 
(b) the tension in the string. 

9. A weight of 7 lb. i" hanging from a string which pasROS over a pulley 
and is then fixed to a wall. If the string from — ill to pulley is horizontal 
shat is the magnitude and direction of the thrust on the pulley? 

10. A weight of 10 lb. is supported hy two strings winch make angleB of 
SO* and 60° with the vertical. Find the tension" in the stimgs. 

11. A rod AB 1 ft. long is hinged at A aud kept in a horizontal position 
by a string VC fixed to a np.m C 1 ft above A A weight of 10 lb. is hung 
at B. Find the tension in the btring neglecting tbe weight of the rod. 



CHAPTER XiV 

MOMENTS, PARALLEL iO'Tln UH'lTKs, 
CENTRE OF GRAVJj V, 

*82. Experiment on Moments. 

The uniform rod Aft is hung by a Look n r its middle point C 
(Fig. 103). When no weight? are pus] tended on (he rod, it 





Fig. 10,1. 


should hang horizontally. Sliding rings A and it, witli weight 
pans P and Q attached, may be placed at any position on the rod, 

(1) It is evident that if only one pan Q is attached, the rod 
tends to turn in a “clockwise” direction ; but if the pan P 
alone is attached the rod tends to turn in a “counter-clock- 
wise ” direction 
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(2) If the rings and pans are of eqi at weight and are hung at 
equal distances from C, we have all the essential features of a 
balance (see § 27). 

(3) We know that on a we sav a hoy can balance a 

heavy boy if the lighter hov can get considerably furthei away 
fiom the turning centre th m the hcj. r'r one So also a greater 
weight bung at B can be balanced by u na' w.nght burg at A, 
but when a balance is obta ned it will be found that AC>OB 

(1) Keeping the ; nnf A ft’" 1 , 8 mc.b *s from C, place 
30 ;j nn » in pan P 1 J‘i. e f n fj n (' c i add weights 

uni d a balance is of honed t' g ons must be aod< d to tho pan 
Q' Repeat the expet irnent p seng first t>0 and then 90 grams 
in P, but keep the weights in Q me tana (40 (pe cf, maxing the pan 
until a balance is obtained and record your refill's as i> llows : 


1. 

2 

3 

4 

o 

5 


1 ** Arm ” 


n i it 

u Arr ” 


at A' i 

CA 

1 > tco x arr 

at l | 

< B 

T rce x arm 

, Hu giams 

8 mokes 

'<j>b 210 

it ft a 

I incti'- 

40 x 6 = 240 

1 60 „ 

8 „ 

60 x >1 -4SJ 

4o ; 

12 „ 

1 40 x 12 — 480 

| so >, 

8 „ 

90 x 8 — 72 > ,i 

40 1 

IS 

j 40 x 18 = 720 

(5) Repeat (4) 

beeping the 

mm CA 

constant 

at 12 inches 


and keeping the weight a‘ B c >. A nut at CO grams Begin with a 
weight of 20 grams in P' and inciease it by 20 grams each time. 

N B. The b&c must be h irtvOiOai etch time the rca ongs are tfiksn. 

The results of (4) and (5) show tha f tho tendency of a force 
to turn the bar about the point C depends on 

| (a) the magnitude of the Jon 

\(6) the pel pendicular distance d its line of action from tho 
point (7, t.e. on the Pngth of the “ arm ” 

* Include the weight of the nan To fur.litate work the pan and ring 
should be made of lipl t mnlcml (r n ahimmnmi) and should wiigh emctly 
10 grams. The weiguts g.vcn m columns (1) i.".d (4) mciu ie the weight* of 
the pans. 


9—2 
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When the product “ force x arm " is the same on both sides of 
C, a balance is obtained. This prodnct is called the moment of 
the force about the point. 

The turning moment or moment of a force about a 
point is the product of the force and the perpendicular 
let fall from the point on to tho line of action of the 
force. 


83. Principle of Moments. 

If any number of forces acting in a plane are in equi¬ 
librium the algebraic sum of their momenta about any 
point in their plane is equal to zero. 

To illustrate this statement let ub uiako a fow experiments. 

•Exp. i Using the same rod as in g 82, suspend it by its middle point C. 
Let It' be its we.ght. Since the bar balances at C, its weight IF must act 
through C. Therefore the moment of IF about 0—0. Suspend several 
weights on the bar adjusting thou position (Fig. 104) so that tho bar hangs 



Fig. 104. 


horizontally. Take moments about C, “clockwise” direction ;eir.g + . 
“counter-clockwise” -. Then 

QxCB + SxCE+WxO-P>.CA-l{x CD=0, 
hers 4x0 + 8x4 + 0-8x8-2x16=0. 

•Exp. ii. Hang^fce rod on the hook an before at C. Place weights in 
pan P; tie a string, to which a dynamomelei is attached, at B (Fig. 106). 
Holding the dynamometer in various positions [BQ, BQ lf 4c.) in the same 
vertical place as tho rod and so that All u hunzoHUl, take readings of the 
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tension shewn by the dynamometer and the corre 1 ponding perpendicular 
distance from C to the direction of ti. s string from B. Then taking 
moments about C, Bho'v that 

Q x Cq W k 0 - f » A C — 0. 


A 


/aV\ 



Q- 


•‘q 

Fie 10S. 

*Eirj), ili. Using the mmp ri 1, attm’i two BfV'iw at A ant’, T) and, 
haring tied tv.o light bp ti.tr hfthim • . to the strings, pull thorn lighttv eo 
thrt the bar etill reran horizontal {Fit 100). Support ti.o balarces 



slightly to /-liovs tho string of th* tension due to the'r "eight and take 
rtk-dings of the J.I.'.'.K reioided. Take moraems about C. Measure the 
perpendicular distiiices from V to and HO It will be found that: 
Tension in AO x perpon liotilar from to A U 

-Tension in HU x perpendicular from C to BO. 
(The moment ot W (the weight of the bar) about C-0.) 
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*Bxp. lv. Set up the apparatus m mg 78, Fig 96 Take any point C 
(Fig. 107) and let fall perpendiculars Cp, Cq, Ct on to the line of action of 



Fig. 107. 


the three forces P, Q and ft which arc m equilibrium Carefully mark the 
direction* and magnitude of the f roes on the drawing board. Tale 
moments about C and show by calculation that- 

PxCp-rQxCj-Jlx Cr= 0. 

84. Graphic Representation of a Moment. 

Let a force F be represented in magnitude and direction by 
the line AB (Fig 108) Let C be a point about which the 
moment is taken. Let fall a perpendicular CD from C on to the 
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direction of the force. Join CA and OB. Then the moment of 
F about C=F x CD 

= AJ) x CD -2a A DC. ,(v ^ 

Therefore the moment of a for-e / ! \ 

may be represented graphically / ! 
by an area. / ! ' 

/ , V 

N.B. (. 2) i»j failed tho Anri Id *fi,a 1 p. N \ 

cf-hf the nioxaeui is ♦•oounfc«*r*e lckum " m a d- 

direct.or, Fig> 108 . 

*Ei«rrises. Show - graphics ly ” by c , t of Bq.atcd paper that the 
alarhratc >ur, 0 / tne m,m- U 0 , Or . fo-rer about a point in their plane 0 equal 
to the moment of their n n'tart ^bout that pm.t. 

In H'lgs. lb‘9 a and 109 fc.fi 1 - 'be re.-ulti.nt of P and Q (g 77) and H is the 
print uncut winch moments are taken. Ui.C is drawn parallel to OA. OB 
if then -alien to rep re cent Q and 0,1 to represent P on the same scale. 
Complete the par dLh.gian, OJCB, then the diagonal GO represents fi on 
the imo scale. Join H to O and to A. (show that: 

2a HOCs^AUOU + ihllOJ (Fig. 109a), 

2 A UJC-^q e. ft'JA ■ ’1C.HOB (Fig. 109 5). 



85. Parallel Forces. When parallel forces act in the 
same direction they are said to bo like, if in opposite directions 
they aro said to be unlike. 

If ir § 82, Fig. 103, we bad replaced the hook at C supporting 
the rod by a spring balance, it is evident that wo could have 
determined at once the magnitude of the force which kept in 
equilibrium the parallel forces /’ and Q acting downwards. It is 
therefore clear that the resultant of the two parallel forces P 
and Q acts at C and = P 4 . Q. By the principle of moments we 
also can find the position of C, for i" x OA = Q x CB. 
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*Exp. To find the position and magnitude of the resultant of two 
parallel forces. 

(a) Like parallel forces. Suspend the rod AB horizontally and at 
equal distaneeB from its ends by two circular 1 balances D and E (h’;g. 110). 


P a 



Note the readings, which should be the same and equal to v> where 2ic = w t. 
of rod. Put a suitable weight m the pan = W. Take readings P and Q of 
the oiroular balances (hubtracting w from each reading) and record the 
distances AC, CB. Move G to various positions on the bar and repent. As 
before we find that W=i* + Q but iB opposite in direction, therefore 
resultant R = P+Q in the same direction and tue position of the 
resultant is such that 

PXCAsQXCB. 

(4) TTnllke parallel forces. Using the same n ailing as in la), P and IP 
are two unlike parallel forces; the force Q balanoee the resultant of P and IF 
and aots upwards, tlnrefore the resultant R of P and W acts downwards 
and = W — P. The position Q is determined by the principle of moments, 
by taking moments about B, then, for equilibrium, 

moment of P about B = m oment of W about B, 

/. P x BA =zW x. BO. 

The resultant both in like and in unlike parallel forces is the algelraxc 
sum of the forces. The position of the resultant is obtained by finding a 
point about which the moments of the two forces are equal but opposite. 

86. Couples. A thoughtful student may ask what 
becomes of the resultant when we are dealing with two equal 

1 Ordinary dynamometers will serve the purpose, but it is more difficult to 
keep the rod horizontal. 
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but unlike parallel forces)" as 
Take moments about any 
point 0 in the plane of the 
forces. Draw through 0, 
OAB perpendicular to the 
direction of the forces. Then 
the algebraic sum of the 
moments of P and P about 0 
~P xOB~P xGA 
= P (OB - OA) = /* x AB. 
Px AB is called the moment of 


for instance P, P in Fig. 111. 

AP 

A B 

O 

P'' 

r.c. m. 

the couple PP. 


A couple consists of two equal but unlike parallel 
forces and lias no single foivo as a resultant. 


*Exp. To show that a eonplo and a single. toreo acting on a body 
cannot kocp It In ciuilibritun, i.e. that a coup! cannot be t-.. .need b> a 
single force. 


'■* 

t 

eOi 


A metre ruler AB is placed on a hoard- n» pivot must lit pUoed at C, itr. 
middle point, but we can imagino that ® j 

tho ruler in arranged to U>tut« to a pjj] 

limited extent about C (Fig. 112) 

Drive four nails, d, e, f and g into Un¬ 
heard at equal distances from C ami 
arrange them to prevent the ruler |j'p 

from rotating about C more than 2 or (1, 

S inches. Attach two spring balaneee ' 

at equal distances from C and seeme rig. 111. 

them be nails at h and j »n euoh a way t).-.l the tunsi in-, are the same in 

both and in parallel but opposite direciu-M. The rod is no-* pulled as 

shown in Fig. 112 against the nails r an 1 J by a couple whose moment 

=PxAB. The p.uls r and j prnent the ruler from rotating about G to a 

greater extent -n a counter-clockwise direction. 


Attach a third spring ha* nee and, by milling id the same plane as the 
board, try if it is possible to move the ruler away from both tho na'ls e and / 
at the same time. 

If this attempt fails, uae a fourth spring balance and find whether the 
second pair can be used together to counterbalance the original pair of 
forces 
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If a balance is obtained, find whether the seemd fair constitute a oouptc 
and under what conditions. 

The results show that to produce equilibrium with a couple, a second 
eouple must be applied. 

87. Centre of Gravity. 

Consider a body such as a stone. Wo can imagine that it is 
made up of a great number of particles. The weight of the stone 
is equal to the sum of the weights of the par'iclos. As each 
particle is attracted to the earth’s centre these weights constitute 
a system of practically parallel forces. We understand how to 
find the resultant, of two of tiic-e parallel forces and having 
found this single forc6 we can. with a tl iid parallel forco, find a 
resultant which shall equal the three forces and so on with a 
fourth; finally a single force will be found which is the resultant 
of the weights of all the particles, 'l'vr equal to the 

weight of the body, /'awes through a point uduch is fixed in the 
body however it w placed. This fixed point us called the centre 
of gravity of the body 

•Em- To flud the centre of gravity of a thin uniform beard. 

Several pieces of irregularly shaped 
mill-board arc supplied. Three or 
four pieces of thread are attached at 
J rfsrent points in each board. Hang 
one of the mill-boards to a hook from 
which a plumb-line is suspended. Allow 
the mill-board and plumb-line to come 
to rest. The centre of gratify (o.o.) 
mnet lie direotly under the hook in the 
line of the plumb-line. Mark this lino 
on the mill-board. Repeat the process, 
hanging the board up by another 
thread (see Fig. 118). A second line 
is thus found which also contains the 
o.o. Wiiito the two lmee cross must 
be the position of the o.o. Suspend 
the board by a third thread anil note 
whether the ; lnmb line passes through 
Vjg. 118. the point of intersection of the two lines 
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Iu Fig. 113 the method of finding the o. a. of a triangular plate la shown. 
The o. a. is found to be | up the median line of the triangle. 

88. To find by geometry the centr e or gravity of 
thin plates cut in the shape of (a) a circle, (6) a aquaie, (c) a 
parallelogram, (d) a triangle. 

(a) and (V) In the case of symmetrical figures, t.tj a circle 
and a square, we can draw lines through the centre abiding the 
figure into two identical halves. It is therefore evident that for 
every particle on one side of this line there is a .orresponding 
particle on the other side, of equal weight and at the same 
distance from the centre. Therefore the c.g. must lie at the 
centre of a circle or of a square. 

(c) This process of "symmetry” may be applied to finding 
the c. G. of a parallelogram. A uniform rod “ by symmetry ” has 
its c.g. at its coDtre. Divide the parallelogram A BCD into rods, 
e.g. PRQ, parallel to AB (Fig. 114). The c.g. lies along the 
median line EF. Again, dividing the parallelogram into rods 
parallel to AD, the c.g. lies on the median lino KII. Therefore 
the & G. lies at the point of intersection of EF and Ell, viz. at G. 


A 



D F C B D C 


Fig. 114. Fi S- 115 - 

(d) Confirm the result of Exp., g 87, by the method of 
symmetry ” applied to find the c. a. of the triangle ABC (Fig. 
115). Divide the triangle up into rods parallel to the aide BC . 
The o. a, lies on the median line AD. Similarly dividing the 
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triangle up into rods parallel to the Bide CA , the c.o. lies on the 
median line BE. Therefore the o. a. of triangle ABC lies at 0 , 
the point of intersection of the median lines. 

N.B. By geometry, since ‘IDE - AB, and since tnangleB ABQ and DEO 
are similar, 

AO _ AB^ IDE S 
GD j>E DE 1 
Therefore O Is l up the median line. 

89. Given the centres of gravity of each of two 
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Examples XIV a (Moments). 

1. A 5 lb, wt, is suspended from one end of a weightless rod 6 ft. long. 
If the point of support is 3^ ft, from the 5 lb. wt. what weight must be hung 
from the other ond to obtain a balance? 

2. At what point must, a b.ir 10 ft. long bo supported bo that a weight of 
9 lb. at one end will balance a 6 11-. vt. at the other? 

3. A weightless rod has a 5 lb. wt. suspended at one end and a 10 lb. wt. 
at the other. If a hniu.i’e is obtained whoD the point of support is 4 in. 
from the 10 lb, wt. what is the length of the rod! 

4. Two weights are hung from the end-- of a weightless rod: the 
pressure c» tire supporting hook is 9 11,., one of the weights is 0 lb. and the 
length of the shoitcr arm is 5 inches. What ts the length of the red? 

5. 5 inn. and 20 gm. are hung at the ends of a mrdre ruler. Neglecting 
the weight of the ruler, what weight must be hung 25 cm. frern the 5 gm. wt. 
to cause too ruler to balance at Hr, mid-point? 

6. A weightless rod 1 yd. long has weights I lb., 2 lb., 3 lb., 4 lb. hung 
at equal diutanocs apart. Find the point at whioh the beam will balance. 

7. A metre ruler has a 10 gm. wt. hung at the end and is found to rudi 
horizontal when supported at n point 6 cm. from the centre. Find the 
weight of tha ruler. 

8. Two weights, S lb and 30 lb., are hung from the ends of a uniform 
rod 2 ft. long, which will thou l-alanoe about a point 6 in. from the 30 in. wt. 
Find the weight of the rod- 


Examples XIV b (Papal lei, To noth) 

I- Find the magnitude and the position of the resultant of the following 
like parallel forcsB: 

(a) 6 lb. wt. and 7 !b. wt. at a distance of 12 inches. 

(b) 60 gm. wt. and 20 gm. wt. at a distance of 14 cm. 

2. Find the magnitude and the position of the resultant of the following 
unlike parallel foroet: 

(а) o lb. wt. and 11 lb. wt. at a distance of 6 inohrs. 

(б) 10 gm. wt. and 20 gm. wt. at a distance of 10 cm 
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8. Two unlike parallel foroes P and Q have a resultant of 6 lb, wi. acting 
4 ft. from Q which is 14 lb. wt. Find the magnitude and position of P. 

4. A beam 2 ft. long, weighing 14 lb., restB on a smooth peg at one end 
and is kept horizontal by a vertical cord attached 3 in. from the other end. 
Find io) the tension in tile cord, (6) the pressure on the peg. 

6 If a load of 100 lb. is hung from a weightless bar 3 ft. long resting on 
s smooth peg at each end, what is tho pres-ure on the pegs when the toad is 
(a) at the centre oi the bar, (i) 8 in. from one peg? 

6. A bar API, ft long, weighing 11 lb., r; sis on two pegs, one at A, t'n' 
other 6 m from II, Find the pressure on each peg. 

7. A man and a hoy are entrying a load of 80 lb. elung from a pole, 6 ft 
long, weighing 10 lb. Where should the load be riacedao that the man may 
support i of the to‘al weight? 

8. A uniform rod 12 f». long, weighing 8 lb., rests on supports 8 ft. 
apart. If the pressure on one support is 6 lb. \vt., fmd the d'Stanco of the 
supports fiom the ends of tho rod. 

9. A bar, /ff!, 4 ft. long, weighing 10 lb., is hung by two veitical wires 
attached at the ends. It the wir« at B onn only support a load of 10 ib., 
how near to B may a weight of 20 lb. be hung uafely? 


Exampi.tcs XIV c (Ckntur of Gkayitt). 

1. Four weights, 2 lb., 4 lb., 6 ib. and 8 Ib., are placed 1 ft. apart along 
a uniform rod 8 ft, long. If the rod weighs 10 lb. find the position of 
the o.o. 

2. A metre ruler weighing 95 gm. rests on a table with part projecting 
over the edge Find the length of this part if a 5 gm. wt. hung at the end 
just tilts the ruler. 

8. A tapering rod 4 ft. long and weighing 6 lb. will balance at. its mid¬ 
point when i lb. is hung on the end. At what point would it balance if the 
i lb. were removed ? 

4. A wire is bent to form a right angle J15C. AB is 12 in. long and BC 
5 in. Find the position of the o.o. 

5. A wire is bent into an isoscelos triangle the equal sides being IS in. 

long and the base 10 in. Find the distanoe of the c.o. from the mid-noint 
of the base. * 



143 


b9] Exaviplt* -Ventre of Gravity 

6. If thiep eq jal ^cdgiitr be plated at the tv riiera of a triangular lamina 
what Is the diBtaiv p between tiie re litres of gi*vity oi the weight* and lamina. 
Viove your HateP-ienl. 

7. i he diagonals oi s m ur« {t-He 6 >n ) arc drawn and one of the 

tuitigloe e<, formed oui ifjnd the poMtmn ol the o. a. of the 

remainder. 

S. A <\ has ih r 1 »ifu of * i* 'H*nc;le of usiu th G in, and breadth 4 in, 
with an w v i<s« t > in ii t, on one i f the b i *\dcs How far from 

the o o of iht n\ <«' -lo i;i J i th*. » n cf * Mj >Je laiuir a l*t 9 

9. The nno-poirit- of t\M a h 1 nt r t * of a sqnan are joined by a line 
and the tr aa^'* -o fo« t i ''t oh Imd hhe portion oi the o.o. of the 

J <n lbluuO. 

10. ,"i e reulat hole • * 4 in radins cm ont of a eirculai disc of card- 
w^tirrl of i ft. ladins if *1 e c< *~ir» >'* lb- hob i' 3 in. from the Centre of the 
nee, when do** tiu 0. c c» uJih.a; he? 



CHAPTER XV. 

PRINCIPLE OF WORK, SIMPLE MACHINES. 

90. A machine is a contrivance by means of which a 
force called the effort exerted at one point is arranged to over¬ 
come a resisting force called the resistance or load acting at a 
different point. The ratio between resistance and effort is called 
the mechanical advantage of the machine, 

resistance . load , . , . 

■-=---—, x.e. . -= mechanical advantage. 

effort force 

Tho simplest machine is the lever. We know that one form 
of lever is a bar used for prising up heavy weights. Thus if a 
force of 5 pounds exerted at one end of a crowbar used as lever 
raises a block of stone weighing 20 pounds, 
the mechanical advantage of tho lever 

resistance of 20 pounds 
effort of 5 pounds 

Work. 

A force does work when it moves its point of application. 

A force causing no movement does no work. 

The amount of work done is measured by the product of 
the force (F) and the distance (s), through which its point of 
application is moved in the direction of the force. 

Work = force x distance - Fa. 

Imagine that a smooth stone is pulled by a force F up an ice 
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slope AB (Fig. 118), then the work done by F =-F x AE 
Allow the stone to slide down the 
length of the ice slope, the pull ot 
the earth on the stone, i.e. its weight 
F, is doing work on the stone. The 
weight acts vertically downwards and dff '' 
therefore a 

the work done on the stone by gravity 


W 


Fig. 118. 


- W x vertical fall = IF x BC. 
N.B. Walk done by F in moving store fiom A to IS - F x AB 
„ „ W „ „ Bio A = WxBC. 


W1 en wt move a lever we do work on the machine; the lever 
raises a stone (soy i, work then bring done by the machine. In a 
perfect machine all the work done on the machine should appear 
• s work done by the machine. 

Thi"> if spnly « Knw. F to the handle of the lover and F 
arts through a distance % the work done on the machine - Fa. 
If the load r.i weight IFir raised vertically a distance d, then the 
work done by the machine = Wd. 

Tbe Principle of Work states that in a perfect (t.e. a 
fnetionloss marfi.m; 

Fs- Wd, 

or that 


the work done on the machine -- the xn< r.i done by it 


Efficiency. 


The ratio 


wo) k done by machine 
woik done on machine. 


is called the efficiency of 


tb< roach’ne, hence in a perfect machine = 1. 

But practically, friction interferes with efficiency and 
reduces the work done by the machine, hence in practice the 
efficiency is always <1. In other words, part of the work 
done oi* the machine is used in overcoming friction. 


b. r v 


10 
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To find the mechanical advantage = 


resistance 

effort 


Make use of the relationship established by the Principle of 
Work, viz. Fs = Wd, which in words may be stated as follows ; 
Effort x distance through which the Effort acts 

=- Resistance x distance through which Resistance acta 
Resistance 


Mechanical ad van tag 


Effort 


Distance through which Effort acts 
Distance through which Resistance acts 
_W s 
~ F ~ d' 

W s 

The ratio p, or - is sometimes called the Velocity Ratio, 

since it expresses the ratio between the distances thiough which 
the Effort anu the Resistance move in unit of time. 


91 - Friction. 

The force of friction always opposes motion. 

Friction depends on the nature of the tnu-Jac.es in contact. 

We know, for instance, that it. is easier to slide on smooth 
than on rough ice, that a wet leather cricket ball slips from the 
fingers more readily than a dry one, that an oiled bicycle is 
worked more easily than an unoiled one, and so on 

*Exp. i. To show that the friction is proportional to the pressure 
between the surfaces In contact. 



Fig. 119. 

On a smooth level piece of wood or plate glass place a smooth block of 
wood of known weight to winch is attached a spring balance (Fig. 119). Puli 



Friction — The Lever 
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the balance slowly in aliorizontal direction and observe (a) the reading when 
the block begins to move, (6) the reading when the block in pulled along at 
a uniform speed. Notice that the (a) readings —starting or limiting 
friction —are greater than the (b) readings —sliding fraction. Take the mean 
of several readings. Gradually increase theprr«Kr<? (R) between the surfaces, 
t.e. the weight of block and load, and record your results as follows: 


ft = wt. of block 
f load 


F=Foice required 
to move the blocl 


Ratio - 

tt 


i 


100+ 50=150 i 

100 + 100 = 200 j 

100+ 150 = 250 • 

Ao. 


*20 grams 

27 gratis 
34 fc.arns 
\<\. 


A',-133 
,\\--185 
,Yff ~ ' 136 

&B. 


Friction . „ 

The ratio =--is called ice Co«fRcleut of 

rrebsure 


friction. 


'Enp. 'i To .liow that, Urey 1 ilf; {AT ill e ['liKiir* between th* 
irarfaca* constant, th. Fit-tl-in I do** nr>t v:\ry with trie area in 

contact provided that the ninurc of the surfaces does not chani.e. 

Repeat the la'd expei tnii nt, uwriK a rectangular bF ’Ck of bard wood with 
three unequal faces all made as smooth ar '.v.nible. Fry whether a different 
value of F is obtained by changing the sui (ace of the bloek in contact with 
the board or plato. The load in each case must be kept constant. 


92. The mechanical powers are •— f he lever, the 
wheel mid axle, the pulley, the inclined plane, the wedge 
ami the screw. 

In our treatment of the lever ami the utheel and axle wo shall 
make use of the principle of moments ami in dealing with the 
pulley we take it for granted that the tension in a string passing 
over a smooth surface is tho same throughout its length. The 
wedge ami the screw are modifications of the inclined plane. 

Tho Lever. 

In describing the balance. (% 27) and in our experiment on 
moments (<j 82) we were dealing with the essential feature of a 
lever- a rigid rod or bar turning about .* point called the 

10—2 
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flllcrum. There are three kinds of levers depending on the 
position of the fulcrum. 


I. 



In the First Order the fulcrum is between the point 
R ' where the effort (F) is applied and 

1 c the point where the resistance is 
- overcome or the load (if) lifted 

V w -Fig. 120). 


Fig. 120. Let AS be a rigid bar moving 

about a fulcrum 0. The force or effort (F) is applied at A and 
the load (IF) is raised at B. Take momenta about (7. By the 
principle of moments, when there is equilibrium, 

F ■* CA = W x CB, 


the mechanical advantage — 


W 

~F 


_ CA 
~ CB’ 


Instances ■ the balance, the steelyard, a pair of scissors, » 
pair of pincers, crowbar raising stone at its end, etc. 

II. In the Second Order the load (IF) is between the 


A* 


X 


T 

Vw 




vw 

Fig 12 J. 


fu’crum (C) and the point of applica¬ 
tion of the effort (F) (Fig. 121). 

As hi fore, taking moments about C, 
the mechanical advantage 

W CA 
” F~ CB' 

Instances : a crowbar (its end resting on the ground), a wheel¬ 
barrow, nut-crackers, pump-handle (pivoted at end), an oar. 

IIL In the Third Order the effort (F) is applied between 
the load IF and the fulcrum (C) 
(Fig. 122). 

Again, taking moments about C, 
the mechanical advantage 

W CA 
“ CB' 


Yc 

V 


Fig. 122. 


Instances : the fore-arm, a pair of shears, a pair of short tonga 
N.B. Applying (i) the Principle of Work or (ii) the Velocity Ratio, we can 
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obtain the mechanical advantage by choam,; tli&t the distances moved by F 
and W in small displacements art proportion#, to their distances from C 

Practical Exercise. Re use the exit ’toents in § 82 and 
(a)use spring balances m illustiat- 
ing Orders II and III for fF and F 
respectively, or ( b) tie a string 
between the lever and pan, paw¬ 
ing the string over a pulley 'mo 
F ig. 123). 

03. The Wheel and Airle on 


n 


C d 
w 

i’lR 12-S 


! A 

A 


>f a huge wheel 


' A 

v *, / r>' 


-if 


V 


rVr.V 

’ j 

j 

w L t 

’r 1 


[ 1 • 
i 

4 


T F 

h i 


i 


! 


®r'- ‘ , ~~ — 

lUEs^--- 1 ,JC - 

tig. lJt 

(Fig. 124) to which ( F) the effort i> applied and a smaller wheel 
or barrel, also on the same axis, to 
which the load ( W) to be raised is 
attached. Fig 125 shows a section 
Taking moments about C, the avis, 

F x CA — IK x C/1, 
the mechanical advantage 
W CA 

WE —— - 3 C —-- 

F <’B 

Radius of Wheel (K) 

Radius of Axle (r) 



b lg 1H6 
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N.B. Applying (i) the Principle oj Work or (ii) the Velocity Ratio, we 
obtain the mechanical advantage by imagining a small displacement A A' to 
take place, lor in a email displacement, A A' may be regarded as m tne earns 
direction ae F. 

Then work done on the machine = wort doa6 by the machine. 

/. Fxid'= if xBB'. 

W AA' , AA' . , , CA R 

T = bW ‘ nd BB' ,B pt0p0rtl ° Uft ’ l ° Cii = r ‘ 


; 


94. The Pulley is a grooved wheel (fig 126) which turns 
about an axi-s C passing through the 
centre. In Fig. 12ti, the axis is shown 
fitted into a block which is hung to a 
beam. Such a pnlley is said to be fixed 
as distinguished from a movable pulley, 
v. Inch is free to change its position in 
space. A single fixed pulley, as shown 
in Fig. 1 26, merely changes the direction 



A 




\w 

Mr. 126. 

of the force F, Taking moments about C, 

F x CA = W x OB but CA = CB. 


W 


F- IF and the mechanical advantage = y = I. 

In practice, owing to friction, the tensions on both sides of 
the pulley are not equal, F> W by the force required to overcome 
friction, if W is about to rise. 

•JBxp. (a) In Fig. 127, a movable pulley is shown. If spring balances 
aie inserted (1) between B and C and (2) between A 
and l>, it will be seen that each registers a pull of 

, whore w = wt. of pulley, 

i.e. W+w = 2F, 

or the Mechanical Advantage= 2. 

r 

(b) Prove that this resnh is oorrect by tba 
Principle oj Work. Raise TP through a vertical 
height of s inches; A and B wtU each be raised by s inches, and therefore, 
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to keep the string tight, D must be raised 2x mcW But work done on 
machine*; v ork done hy machine 

.. ?x2i-(!f'+u>) i 

W + u>_ 

l ~ 

K\p £l Thn 1st system” o! PuPrjrs, i( tnclm ted bnt not generally 
aaelul, m shown in Fig 128 bur i, n round turoe moral !t pm leye llj, ><’, 

_z_zJ 



Ij 

I*ig 128. 


K'j *7,0 attaf) ed to a beam the stnu^ 10m d each pulley being attached to the 
oik ubo\e it tvorpr that roun 3 g whioh passes over a fixed pulley A . 

(. 1 ) bi t up the pulleys aa shown and prove by the k'n naiple of Work that 

W 

the Mechanical Advantage = ^- = 8. 

Lower F through 8 inckpB and note that W ib raided 1 inch. The fixed 
pulley A merely deflects F. 
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(&) IJ w is the weight of each movable pulley, aho^7 tW 
W w u> tr TK + 7IP 
1 ~S + 8 + 4 + a" “8 


TF + (2»-l|w 
~ 2* ' 


where > -no. of movable pulleys. 


Pulley Blocks (often called the 2nd system of pulleya) 



Fig 1 ’29 shows two 3-shoaved 
pulley blocks. A continuous 
string passes round the pulleys. 
We neglect friction and assume 
that the tension of the string 
is the same throughout the 
length. If an eftert F supports 
W + «>, it is evident th«.t six 
rtringB all pulling vuth a force 
F support the lower block of 
pulleys (w) and W. 

f,F= W i-rO, 

. W+w , 

• • F ■ - 6 

The mechanical advantage of 
such a system — number of 
Btrings supporting lower block. 

•Exp. Test the accuracy of this 
result by the PriueipU. of Woik 
Raise I r by 1 nub *i.<5 note that F, 
when the string 1* taut, has moved 
t> inches. 


BxstcIso. Make a diagram reversing the 1/1 system, i.e. turn Fig 128 
upside down so that ti , i‘< attached to the ceiling and the three cords iiom 
IF,, » , and H s tre supporting a beam ; the pulley A iB not required. Prove 

ji 

that the mechanical advantage -r2* - 1, when n- no. of pulleys ^supposed 

weightless). This arrangement is often oailed“tbe 3rd system of pulleys "; 
it is seldom employed. 



The Inclined Plane 
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94 - 95 ] 


65. The Inclined Plane. 


We have doubtless noticed that in order to get heavy boxes 
or barrels on to a dray, the carter pushes or rolls them up a 
slope or inclined plane, attached to the end of the dray. Thus, 
by using a small Jorce over a coneiJrrabU distance up the gradual 
slope he can raise a hoavy weight. 

*Bxp. i. To find the mcobanital advantage off an Inclined plane, the 

force being exerted parallel to the- plane 

Set Uf lh© appfcr»nn provirttd aa eiimvi, in Fig. 130. H . ft hu»vy metal 



Fig ISO. 


B 


roller, previously weighed, is held by a string passing over a well-oiled 
pulloy. The plane, hmgtM at A, is gradually raided until the roller begins to 
move down the plane, and the position is noted. The plane ib then gradually 
lowered and the position marked when the 
roller begins to move no Lie plane. The 
slope of the plane ib then adjusted to the 
mean of these two positions and tbo height 
and Lentjt\ of the plane are measured. 

Then by the Principle of Work (Fig. 

131), F Acting through a dia^anoe AB 
raise* li a hi.ght OR, 

* r work dons by F — verk done on W. 

F v length of p'aness VT > In *i.ht of piano, 

'» A, AuVttI 

W tongt&i »f plane 

*“ V ~~ ncigbt ol plane * 
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* Bxp. ii. Repeat the experiment, but arrange that the force ia exerted 
parallel to the baae of the plane (Fig. 132). Here in railing the roller 



Fig. 132. 


from O to B, F, the effort, being i araliel to the bate, would act through 
dietanoe AC, and W would be rained vertically through a height CB. 

A F* AC~Wx CB (Principle of Wort), 

W _ AC 

r~cii' 


A 


Mechanical Advantage = 


Load rained baee of plane 
Force exerted ~ height of plane' 


96. The Screw. 


iv 


Gxp. Refer to § 5, Fig. 7. From a piece of paper cut out a right-angled 
W triangle and wrap it round a pencil. Ai 

deecribed in S 5. 't in evident that, if we follow 



Fig. 133. 


the hypotenuse of the triangle as it winds 
round the pencil, vve are dealing with a spiral 
inclined plane, tho hnjht of whioh, for one 
turn of the r,crew, is the pitch (A K, Fig. 133), 
and its hate is equal to the circumference 
(2rr). 

The effort (F) is usually applied at tho end 
of a lever handle and acts parallel to the base 
of the ‘‘plane” (§ 95, Exp. ii). If R i& the 
length of the handle, the path described by F 
when a complete turn ia made = 2rK; at the 
name time the load [H r ) hats been moved through 
AK, the pitch of the screw. Therefore, 
theoretically, the mechanical advantagt 


path described by the effort 
AK distance moved by the end of screw' 
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95-96] Examples on Machines 

Practically, however, friction increases as the resistance to be overcome 
increases and to such an extent that it ib useless to perfoim arty experiment 
to show the theoretical ratio between resistance and effort. 


Examples XV a (Levers and Wheel and Axle). 

1, A aniform lever weighing 10 lb. balances about a point 2 in. from ite 
centre when weights 7 lb. and 10 lb. are hung from its ends. Calculate the 
length of the lever. 

2. The diameter of the safety valve of a steam boiler is 2 in. and the 
distance from the centre of the valve to the hinge is 3 in. What weight 
must he suspended from a point on the bar 12 in. from the hinge so that the 
valve will just open when the pressure in the boiler is 70 lb. per sq. in. 1 

8. A man while sculling exerts a force of 20 lb. wt. on each scull. What 
is the total force on the hint if the distance from hand to rowlock is 1 ft. and 
from rowlook to centre of blade 4 ft. ? 

4. A metal cutter, AB, 2 ft. long, hinged at A, just outs an Iron bar 
placed 4 in. from A when a boy Weighing 6 stone hangs at the end B. What 
pressure is exerted on the iron liar? 

fi. A nut which could be cracked by a weight of IS lb. is placed 1 in. 
from the hinge uf r, pair of nutcrackers 6 in. long. What force would be 
needed at the ends of the handles to Juki crack the nut ? 

6. Find the effort required to raise a load of 1 owl. if the radii of wheel 
and axle be 2 ft. 4 in. s nd 4 in. respectively. 

7. Whet load oan be lifted by a foroe of 20 lb. wt. if the diameters of 
wheel and axle he 2 ft. and 4 m. respectively? 

8. It is required to lift a load of 100 lb. by means of a force of 16 lb. wt. 
What must be the radius of the wheel if the diameter of the axle is 6 in.? 

9. Four men are raising an anchor by means of a capstan, radius of 
drum 6 in. and length of spoke from axis & ft. 11 each man pushes nrth a 
force of 100 lb. wt., how heavy an anchor can they raise? 

10. An ordinary winch is used to raise water from a well. The bucket, 
weighing 251b., rises 11 ft., while the handle, 21 in. long, makeB five revolu¬ 
tions. Find (<i) the foroe required to turn handle, (b) the radius of the barrel, 
(c) tn* mechanica) advantage of the winch. 



156 Experimental Physics [ou. xv 

Examples XV b (Pulleys). 

1st System. (Several itringt attached to beam.) 

1. With 3 movable pulleys what effort will be needed to support r. toad 
of 1 owt.? What is the mechanical advantage oi the system? 

2. How many movable pulleys would be needed to raise half a ton by 
means of a force of 70 lb. wt.? Oive the diagram, marking the tensions in 
the strings. 

5. What load could be snpported by a pull of 100 lb. wt. with five 
movable pulleys? 

4. Find the mechanical advantage of three movable pnlleys by the 
Principle of Work (neglecting weight of pulleys). If the power descends 8 ft. 
while the load rises 1 ft. what power will be required to raise 1 cwt. ? 

2nd System. ( Sheaved Pulley Blocks.) 

6. What effort will support a load of 60 lb. if there are (n) 2 pulleys in 
each block, (b) 2 pulleys in lower and 8 in upper block? 

6. What load can be raised by a force of 20 lb. wt. using two blocks each 
containing four pulleys, (a) if pulleys are weightless, (6) if lower block weighs 
41b.? 

7. Calculate the number of strings and weight of lower Hock in a system 
by whioh weights of 10 lb. and 12 lb. Bupport loads of 38 lb. and 46 lb. 
respectively. 

8. A man weighing 10 stone raises a load of 2 cwt. by r. system of 
pulleys, three in each block. What will be his pressure on the ground if 
weight of pnlleys be negleoted ? 

9. Find by the Principle of Work the mechanical advantage of an 
arrangement of pulleys consisting of two blocks each containing three pulleys 
(supposed weightless). If the power descends 1 ft. while the load rises 
2 inohes what load oan be raised by a power of 20 lb. wt. ? 

3rd Ststem. (Several ttringt attached to weight.) 

10. Whai effort will be required to support 1 owt. if three pulleys are 
employed supposed weightless? 

11. What load oan be raised by a weight of 100 lb., making nee of four 
pulleys, supposed weightless? 

12. If the load rises 1 inch, how far will the effort aot vertically down¬ 
wards when (a) two pulleys, (6) three pulleys, are employed? 
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Examples XV o (The Inclined Plane and Screw). 

1. Find the force, acting parallel to the plans, required 1o support a 
load of 80 In. on a smooth slope rising 3 in 40. 

2. What force acting parallel to the plane is required to support a load 
of 400 gm. on an inclined plane o' ;<z) 30°, (i) 45°, (c) 60° t 

3. Find the horizontal force required to support a load of 100 lb. on a 
smooth inclined plane which has a gradient of 6 in 13. 

4. A tioljejr mounted on fr.otionieas wheels rests on a plane inclined at 
30° to the horizontal. If tbs trolley weighs 20 11), find by cull)‘ruction the 
force requirid to keep it in equilibrium if the coid is (a) parallel to the 
plane, (1/) horizontal. 

5 What force acting horizontally is required to support a load of 60 lb. 
on an inclined plane of (a) 30°, (4) 45°, (r.) 60°? 

6. Two pi it: hi 12 inches high are pieced bool; to bach. A weight of 
10 lb rests on nr.c plane whose base is 9 inches and i> siring passing over a 
pulley at the top attaches it to a weight .1' resting on the other plane whose 
base is 5 inches. If there is equilibrium find the weight ff. 

7. Find the Mechanical Avlvantf.ee of a screw whose diameter is 7 in 
end pitch $ in. 

Examples XV d (Friction). 

1. U a body w"i;;hing 40 lli. rests on a rough horizontal plane and is 
acted un it. b> k funic of S !b. wt. acting at 60° to the plane, vast is the 
lores of fruition? 

2. A body re-q.ng on s rough horizontal plane is acted upon by two 
horizontal foioes of 5 and 12 lb. wt. acting at an angle of 90 r . What is the 

fo-ce of Fiction* 

3. 11 a block of wood weighing 500 gm. lies on a lough horizontal plane, 
coefficient of friction 0-3, what is the least horizontal force which would 
move it? 

4. If a force of 5 lb. wt. will just move a mass of 15 lb. on a rough 
horizontal plane, what is the coefficient of friction f 



CHAPTER XVI. 

newton’s laws of motion': units of force, 

WORK AND ENERGY. 

97. Firat Law of Motion. 

Parsing reference has already been made to tills law, although 
it was not actually named, in §!* 24, 35 and 75 (1), when the 
subjects of fore.* and inertia were dealt with. 

A body tends to remain in its state of rest or of 
uniform motion in a straight line except in so far as it Ip 
compelled by forces to change that Btate. 

98. Second Law of Motion. 

Momentum. Imagine that two boys A and 71 arc skating 
on smooth ice. Let tin* mass of each boy he 7 stone First'//, 
imagine that A is standing still and that />’, coming with a velocity 
of 8 ft. per sec., humps into him from behind, catches hold of him 
and the two travel along together. Wo know by experience that 
the velocity of the two moving on together is le°s than /!' a velocity; 
in reality, their velocity after impact is 4 ft. per sec. Experience 
also tells us that if B bumped in with a velocity of 16 ft. per sec 
the velocity of both moving together would ho greater than in the 
first case and that, they would travel on together about twice 
as far before friction brought them to rest. .Secondly, imagine that 
% a strong man (C), whose fjjjisBy ia 14 stone, moving with a velocity 
of 8 ft. per sec., bumps into and picks up A who is standing 

1 Propounded by Sir Isaac Newtou ol Cambridge University in the reign 
of Chat leg II. 
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97-98] Momentum and Impulse 


gtilL and that C carries A along with him. Again we know that 
the two would travel on at a greater speed and for a greater 
distance than when B , who weighed only 7 stone, la mped in 
with a velocity of 8 ft. per sec., but that C's velocity would be 
reduced after he had picked up A. We see therefore that the 
results after collision depend on the velocity and the mass of the 
colliding bodies. 

When a hammer drives a nail into a hoard, the re sult, of a 
well-directed blow depends (1) on the velocity of the hammer and 
(2) on its mass. 

Again, the force required to stop a moving ship depends on 
the speed of the ship and its /• > nat/e. We say colloquially that, it 
is harder to stop an ocean liner (ban a suilling boat, although 
they may both be travelling at the same speed, because the liner 
"has more way on it." speaking scientihoa'lv we should say 
that the liner’' momentum is greater 
than tnat of the lout. The mo- | 

rnentum \M) of a moving body j 

depends paid) on its mass (w<) and j ■ 

partly on its relonty (v) and is I ‘ 

measured by the product of ‘ 

mass and velocity. 


.!/ up 

r-rp TO ejfplntn tlio meauing of 
raoir eatum. 

134 tjhowd ti Ballistic Balance. 
\ dock A ftiid j\ metai ball H ure hum? 
jiM toiietiipp ouch other by vertical 
ptnn/p from the *<uue beam, and thv.r 
c, atj (A of ^rauty arc* at the Btuuc level: 
therefore a h pendulums of the name length 
they mv mu m equal periodic and theielore 
Vho distances of their displacement* from the 
>eitnai (amplitude, § 12) xnpaamt* their 
velocities at the bottom of their B'unt; 

Two pointers from A and B snow tht) 
displacement* »1 odk a mlaIa 



134 




160 


Experimental Physics 


[<JH. XVI 


TTm the Instrument to balance momenta. 

Attach some soft wax or plasticine to the eh:i W surface of A so that 
when A and B strike each other they till stick together. Draw A and ii 
aside by the silk threads and release them at tlip same moment. Bv careful 
trial adjust the displacements so that after the bodies impinge they are 
brought to rest. Obtain the masses c/ A and B [m A , m,] by weighing and 
their velocities \v A , p 4 ] when they strike each other by measuring the 
displacement* [dj, d s ] 

Observations show that ’*'* = -" =, 
m„ dj t\, 

••• risVj-m,r e . 

The blows must have been equal for the bodies rjr.' to rest aftei Impact 
We therefore ooncludo that the measure of a b’ow delivered by a mass n 
moving with velocity c is the pr< duct mv. 

mv is called the Momentum (M ) of the moving body. It ie also called the 
Impulse (I) of the blow delivered by th6 body when suddenly brought to rest. 

Impulse. The word impulse, is used of a force applied or 
communicated end /only. But however sudden the application of 
the force, the delivery of the blow must occupy time Refer to 
§ 75 (3). We learnt that the longer a force acts on a body tile 
greater the body’s velocity becomes. The trolley (jl 75) starting 
from rest and pulled by a constant force moved with a constant 
acceleration. Its momentum (mv) increased as the time during 
which the force, was acting increased. Hence the product ol 
force and time is a measure of the momentum generated in 
a body 1 . 

Momentum = force x time. 

The product of force and lime during which the force acts is 
called the Impulse (/) of the force, lienee 
M = mv = Ft -1. 

1 Assuming Newton's Second Law and the relation F=mf[seo infra J, 
sinoe Momentum — mi;; 

and v~ft (if the bodv starts from rest), 

A Momentum — mft; but F=mf, 

A Moawotumr/i' 
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Exp. ii. Let ns use the Ballistio Balance to ihow that the momentum 
generated ia proportional to tha lmjmUa cauBing motion. 

N B. The sticky substance must be oompletdy removed from both A 
and B. 

(1) A is stationary and B is drawn aside 4 divisions by a fine Bilk 
thread and released by burning the thread. B strikes A and the t mpuUt 
of the blow imparts momentum to A. A’ s velocity at the moment of 
impact (i.e. when the blow was struck) is measured by the distance (d) that 
A' s pointer moves along the scale. The mean of eevoiul observations is 
token. 

(2) The experiment is repeated bnt B is drawn aside a divisions; it 
therefore stiikes A with doubled velocity. The impulse iB therefore doubled 
Bnd A moves along the scale a distance 2d. 

Vary the experiment (a) by replacing B' with another ball of twice the 
mass, (b) by placing a tight fitting metal cylinder in the hole in A by 
which the mass of A may be increased (say doubled). 

The results of the Trolley experiments (§ 75) combined with 
our experiments with the Ballistic Balance help us to understand 
the relation between impressed force and momentum. 

From observations in the Trolley experiments, using any units 
we chose, we concluded that 

Force oc mass x acceleration, 
t.c. „ oc m x rate of change of w, 

md, since m is constant. 

Force os rate of change of mv, 

impressed Jorce is proportional to rate oj change of momentum. 

This is Newton’s 

Second Law of Motion. Rate of change of momentum 
is proportional to the force causing motion and takes 
place In the direction of this force. 

We have endeavoured to arrive at Newton’s Second Law by 
experiment; if however we start with the assumption that this 
Law is true, we may write immediately 


B. B P 


11 
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Force ac rate of change of momentum, 
oc rate of change of mv, 

ac m x rate of change of v [ m being constant], 
F oc mf. 

If we choose onr unit of force to be such that acting on 
unit mast it produces unit of acceleration , we can write 

Force = mass x acceleration, 

F —mf. 

Absolute Unit of Force. Under the British system, the 
absolute unit of force is called a poundal and is such that 
acting on a mass of one pound for one sec. it increases the velocity 
by 1 ft. per sec., i.e. it generates in a mass of one pound an 
acceleration of 1 ft. per sec. per sec. 

But the weight of a pound acting on a pound mass 
generates an acceleration of g ft. per sec. per sec. (see § 73). 

1 pound weight = g poundals. [g = 32 approx.] 

Under the Metric System, the absolute unit of force is called 
a dyne, which generates in a mass of 1 gram an acceleration 
of 1 cm. per sec. per sec. 

But the weight of a gram acting on a gram mass generates 
an acceleration of Q cm. per sec. per sec. 

/. 1 gram weight = q dynes. \g = 981 approx.] 

N.B. 1. Since the value of g varies for different places on the earth, 
the pound and the gram are not absolute unitB of force. 

2. The Formula, F=m/, is only true where F is measured in absolute 
units, hence, in using this formula, pounds weight and grame weight must be 
converted to poundals and dynes respectively by multiplying by g or g- 

99. Third Law of Motion. 

To every action there is an equal and contrary re¬ 
action. 
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98-100] Third Law of Motion 

We see a good example of this law when two skaters on 
hard smooth ice try to push each other in opposite directions: 
each moves away from a fixed point on the ice between them. 

Again, the same result is shown when a man in a boat pushes 
away from another boat—both boats move in opposite directions. 
The case is not so evident if he pushed away from a large ship, 
nevertheless he would move the ship slightly away from his 
boat. If the man jumps from his boat into the water, he pushes 
the boat away from him in the opposite direction to that in which 
he is jumping. 

The reverse of these movements is seen if the man in the boat 
hauls a rope attached to another boat; as he shortens the line 
both boats approach each other. Again, if a piece of soft iron 
and a magnet each on a separate cork are floated in a bowl of 
water, they are mutually attracted to each other arid both move 
through the water until they touch. 

When a gun is discharged the gun recoils with the same 
momentum as the shot but in the opposite direction. 

See also § 51 and recall many other instances of similar 
mutual reactions. 

100. Practical Units of Work. 

In § 90 we learnt that (1) a force does work when it moves 
its point of application and (2) work done = force x distance 
through which the point of application is moved in the direction 
in which the force acts. 

•Engineers use the Gravitation Unit of Work which is called a 
foot-pound. This measures the work done by a force equal to 
the weight of a pound when it moves its point of application 
through one foot measured in the direction of the force, or, the 
work done in lifting one pound mass vertically through one foot 

Bx. What work is done by a man rolling a barrel weighing 150 pound* 
np a slope 60 feet long rising 1 in 10 1 

The work is done against gravity which acts vertically. Since the elope 

11—2 



164 Experimental Physics [oh. xyi 

rises 1 ft. in 10 ft., in rolling the barrel 60 ft. up the slope the barrel will 
be raised 6 ft. against gravity. 

Work done = 160 x 6 = 800 foot-pounds. 

The IcUogram-metre unit of work is done by a force equal to 
the weight of one kilogram acting through one metre. 

Absolute Units of Work. 

Foot-pouudal 

= work done by a force of one poundal acting through 1 ft. 

Dyne-centimetre 

= work done by a force of one dyne acting through 1 cm. 

= one erg. 

101. Power Is rate of doing work. The unit of time 
is introduced. In practical units, an engine working at one 
horse-power (a. p.) does 33,000 foot-pounds in one minute, or, 
it would raise a mass of 550 pounds 1 ft. vertically per second 
The absolute unit of power is an erg per second. 

Energy is capacity to do work and is therefore measured 
in the same units as work—viz. in foot-pounds, fooLpoumlals and 
dyne-centimetres (ergs). 

Potential Energy or energy of position. Water stored in 
a reservoir on a mountain can do work in virtue of its position : 
the water in pipes leading from the reservoir is at pressures 
depending upon the vertical distance below the surface of the 
water in the reservoir; this pressure applied to a turbine or 
water wheel moves its point of application and work is done. 

Kinetic Energy or energy of motion. A moving body can do 
work in virtue of its motion : its energy is nioasured by the work 
it can do before being brought to rest, which equals the work 
done on the body in bringing it to its condition of motion. 

To Bud the Klnotlo Energy of a body of nuu m moving with a 
Telocity v. 

Let the body start from rest (u = 0) and acquire a velocity v in a distance 
i. Let it bo acted on by * constant force of F poundale (or dynee) producing 
an acceleration /. Then 
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Energy 

Fa - mf y i, 

bat »’=«'+2/i; \ /> - i t’ 1 , 

... the Kinetio Energy 1 of a moving boily 

= half the product of its mose and the square of its velocity. 

102. Newton’s Law of Gravitation’. Every particle 
of matter in the universe attracts every other particle with a 
force which is proportional to the product of their masses and 
inversely proportional to the square of the distance between 
them. 

m, rn, 

where G if? the force of attraction betwoen two masses to, and m t 
at a distance of d from each other. 


Examples XVI a (Laws of Motion). 

{g- 32 ft./sec ’ or 981 cm./see.*) 

1. What acceleration is producod by a force of (a) 20 pdls., (6) 20 lb. wt., 
acting on a mass of 10 lb. ? 

2. What force in lb. wt. will produce an acceleration 20 ft. seo. units in 
% of 40 lb. ? 

8. A force of 10 lb. wt. produces an acceleration of 6 ft. sec. units in a 
certain body. Calculate the mass of the body. 

4. What force acting upon a mass of 10 lb. for 6 seconds will produce a 
velocity of 40 ft. per aeo.? 

5. A mass of 40 Lb. is acted on by a foroe of 5 lb. wt. What distance 
will it traverse in 6 sec. ? 

6. Calculate the number of dynes in one poundal. (1 lb. = 468-6 gin.) 

7. What acceleration is produced by a foroe of 40 dynes acting on a mass 
of 1 decagram ? 

8. A force of 100 dynes acts upon a maos of 60 gm. for 10 seconds. 
WVio.t velocity does it produce? 

1 In absolute units, \.e. in foot-poundals or in ergs. 

2 First formulated about the year 1684. 
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9. A force of 10 gm. wt. aots upoa a mass of 100 gm. What aooelera 
tion is produced ? 

10. If a force of 6 gm. wt. aote on a mass of 10 gm. for 4 seconds, how 
far doee the mass move ? 

11. A mass of 10 lb. moving with a velocity of 20 ft. per Bee. is brought 
to rest by a constant resistance after traversing 100 ft. Calculate the resist¬ 
ance in (a) poundals and (b) pounds weight. 

12. What force in lb. wt. is needed to stop a train of 100 tons maai 
travelling at 60 miles per hour (a) in 352 yd., (b) in 44 sea. ? 


Examples XVI b (Momentum and Impulbe). 

L. Calculate the momentum of 

(a) a mass of 10 lb. moving with a velocity of 5 yd. per sec.. 

(b) a orioket ball (5J or..) moving with a velocity of 32 ft. per sec.. 

(c) a train of 100 tons travelling at 60 miles per houi. 

2. A 4 ton shot is discharged from an 80 tun gun with a velocity of 
1600 ft. per sea. What is the gun’s velocity of recoil? 

8. A body of mass 3 lb. is aoted on by a foroe which changes Its velocity 
from 10 miles to 20 miles per hour. What is the impulse of the force? 

4. A orioket ball (5| oz.) lying on the ground is struck by a bat and 
•tarts off with a velocity of 16 ft. per sec. 

If the ball remained in oont&ot with the bat seo., find 

(a) the average force aoting on the ball, 

(b) the impulse of this force. 

B. A batsman blocks a ball (5$ oz.) whioh is shooting straight towards 
his wicket with a velocity of 20 ft. per sec. If the ball starts back to the 
bowler with a velocity of 16 ft. per seo. what is (a) the change of momentum 
of the ball, (b) the average force exerted on the ball, assuming that the bat 
and ball remain In oontact ^ seo. ? 

6. Two boys, A 8 stone, B 9 stone, while playing football charge one 
another and are brought to rest. If A was moving at 7 miles per hoar what 
a as B't velocity? 
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7. A body of mass 6 lb. moving with a velooity of 20 ft. per sea. over¬ 
takes a body of mass 4 lb. moving with a velocity of 5 ft. per sea. in the same 
straight line. If they move on together find the new velocity. What would 
the new velooity be if the bodies had been moving in opposite Jireotiono at 
the time of impaot? 


Examples XVI c (Energy). 

1. A partiale of mass 10 lb. is moving with a velocity of 20 ft per sea. 
Calculate its Kinetic Energy, stating your units. 

2. Find the Kinetic Energy of a bail weighing 1 lJgm. and moving with 
a velocity of 10 cm. per eeo. 

In what units is your answer’ 

8. A mass of 5 lb. falls through a vertical distance of 100 ft. What is 
its Kinetic Energy (a) in ft. pouii-itils, (6) in ft. pouudB? 

4. A train of main 100 tons is moving at <50 uiileB per hour. If the 
brakes slop it, when steam is eat off, in $ mile, what in the resistance in 
pounds per ton? 

6. A oricket ball (5^ oz.) is moving at the rate o( 10 ft. per sec. What 
force will ho required to stop the ball if the fielder moves his hand baok 
(a) 1 ft., (b) 1 in. ? 



REVISION QUESTIONS FROM OXFORD AND 
CAMBRIDGE LOCAL EXAMINATION PAPERS. 

Paper A. 

1. A body situated at A has imparted to it simultaneously velocities oi 
9 and 10 (t. per hoc. respectively along straight lines AS and AC whioh are 
inclined to one another at an angle of 87°. Find by means of an accurate 
diagram the magnitude of the velocity with which the body begins to move, 
and the angle between this direction and AB. 

3. A particle moving in a right line with uniform acceleration haB at 
a given instant a speed of 6 it. per sec., and 10 sec. afterwards it has a speed 
of 35 ft. per Bee. What is the magnitude of the acceleration? Over what 
distance does the particle move in the interval ? 

3. State Newton’s Three Laws of Motion and illustrate the first and 
third by any two examples. 

What acceleration is produced in a mass of 2 lb. by a foroe ecjual to the 
weight of 6 oz.? 

4. A particle projected vertically upwards from a point A with a velooity 
of 60 ft. per sec. passes through a point B whioh is 36 ft. above A. What 
interval of time will elapse before the particle passes again through B? 

6. Explain the meaning of the terms acceleration, dyne, erg. 

A particle moves in a straight line for 4 sec. with a constant speed of 8" 
per sec. and then the motion is uniformly accelerated at the rate of 2" per 
sec. pec seo. Find the whole distance travelled at the end of 10 seo. 

6. Distinguish clearly between the mate of a body and its weight. 

7. Give a definition of each of the terms force, momentum, work, energy. 
If a mass of 6 lb. has a velocity of 16 ft. per sec. how much work should be 
done on it to stop it? 

8. A ball is dropped from a stationary balloon at a height of 1600 ft.: 
5 see. later a shot is fired vertically at it from below with a velocity of 
1040 ft. per seo. Find when and at what height the shot hits the ball. 

9- A mass of 8gm. has a velocity of 60,ft. per seo., and a mass of 10 gm. 
has a velocity of 20 ft. per seo. 

What is the ratio (a) of their momenta, (b) of their Kinetic Energy? 

10. Assuming that g is 981 cm. per sec. per sec., prove that a dyne is 
roughly equal to the weight of a milligram. 
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Paper B. 

1. Define the moment of a torce about a given point and state how yon 
would distinguish between positive and negative moments. 

AB is a horizontal lever movable about B and 4 ft. long. What vertical 
resistance at C (18" from B ) will be overcome by an upward force of 30 lb. 
wt. applied at A ? 

2. Draw a sketch of a wheel and axle. If the radios ol the wheel is 2 ft. 
and that of the axle 9 in., what forte will be required to lift a load of 
240 1b. 7 

5. Two nnlike parallel forces have magnitudes 26 and 12 gm. wt. and 
the perpendicular distance between their lines of action is 7 cm. Draw the 
figure to scale and find the magnitude and line of action of the resultant. 

4. There la a oircular piece of cardboard of radios 8 cm. A oiroular 
disc of radius 6 cm. is cut out, the two circles touching one another; find the 
distance of the centre of gravity o! the remainder from the centre of gravity 
of the original disc. 

6. State what is meant by componrntt of a force. 

There is a force of 13 lb. wt. and it is to be replaoed by two whose 
magnitudes aro 12 and 5. Taking any convenient unit to represent a lb. wt. 
make the resolution by moans of yonr instruments. Can the force 13 be 
replaced by forces of 8 and 47 Give a reason for your answer. 

6. A uniform bar 4 ft. long and weighing 12 lb. iB plaoed over a peg D 
and rests in a horizontal position with one end under another peg C. If tbe 
distance from C to D is 18 ' draw a diagram showing the action of the forces 
on the bur and determine the preseu-e on the pegs. 

7. State the Principle of Work as applied to a maobine. 

Show how it gives the relation between the forces which will produoe 
equilibrium when applied to the eDds of the arms of a lever. 

8. Find the horizontal foroe required to support a weight of 10 lb. on a 
smooth inclined plane whose inclination to the horizon is 30°. 

9. A particle A of mass 2 oz. is suspended from two points B and C in 
tbe same horizontal line by two strings AB and AC; the angle BA C is a 
right angle, AB = Z in. and AC - 4 in. Draw an acourate figure and prodnoe 
CA to meet the vertical through B in D. Show that DAB is a Triangle of 
Forces for the weight and the tensions in the strings and henoe by measure¬ 
ment find the tensions. 

10. Draw an equilateral triangle ABC with a side of 4 cm. and let the 
following forces act along its sides: 10 from A to B, IS from B to C and 6 
from C to A, Find the magnitude and line of action of the resultant. 



SECTION IV. 

HEAT. 

CHAPTER XVH 

HEAT, TEMPERATURE, THERMOMETRY. 

103. What 1* Heat P 

If we rub a brass hutton rapidly on a piece of wood, the 
button becomes so hot that we cannot hold it. When we pump 
up a bicycle tyre, we ure Join" work in compressing the air into 
the far end of the pump and we notice that heal is developed. 
Primitive races are said to obtain fire by rapidly rotating a 
wooden stick in a hole in another piece of wood. The energy of 
a railway train in iieiug brought to rest by the action of the 
brakes is largely dissipated in the form of heat; the brakes and 
rails become hot and sparks fly from the wheels when pressure 
and friction are applied. It is evident then that (1) heat may be 
developed by work, and (2) the energy of a moving body may be 
converted into heat. 

On the other hand heat may be converted to potential energy, 
as for instance when the furnace converts water to steam and the 
latter is stored at high pressure in a boiler. The potential energy 
of the compressed steam is changed into kinetic, energy when this 
steam is released to force the piston backwards and forwards in 
the cylinder of an engine. 

Heat then is simply a Jorm of energy, a u mode of motion ” as 
it has lieen termed. 

Temperature. Heat can S» transferred from one body to 
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•Bother. The body which receives heat from another body is said 
to be at a lower temperature ; the body which gives heat is said 
to be at the higher temperature. Temperature, therefore is a, 
condition which determines whether the body shall receive or give ! 
heat to another body. 

*104. Exp. To show the difference between heat 
and temperature. 

A piece of iron (say a seven-j-ound weight) is heatod until it is 
too hot to touch more than momentarily but by no meanB red 
hot. A tin-tack is heated to redness in the Bunsen flame. The tin- 
tack on being placed on the iron weight gives up some of its heat to 
the iron and soon may be touched momentarily in contact with 
the iron without burning the hand. The tin-tack when red hot 
was at a higher temperature, but did it ooDtain more heat 1 

Pill a pint can half full of cold water. Heat the tin-tack red 
hot and drop it into the water. The water still remains cold. 
Next place the hot iron weight in the water. In a few seconds the 
water is appreciably warmer. It is evident that although the 
weight was at a lower temperature than the tin-tack before it was 
placed in the water, yet the weight contained a greater quantity of 
heat. 

We see then that the quantity of heat which a body contains 
depends partly on its temperature and partly on its mass. If the 
tin-tack were of iron and had weighed seven pounds, it would, 
when rod hot, have not only been at a higher temperature than 
the weight but it would also have contained more beat, as 
would have been shown by its power of raising the half-pint of 
water to a higher temperature than the weight did. 

Later we shall find by' experiment that equal weights of 
different substances at the same temperature hold different 
quantities of heat. For instance, 7 lb. of aluminium would have 
heated the half-pint of water to a much greater extent than the 
7 lb. of iron did, although before dropping the metals in the water 
they were both at the same temperature. 
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105. Thermometer!. 

Thermometry is the division of the subject which treats 
of the accurate measuring and recording of temperature. The 
instrument used is called a Thermometer. 


*Bxp. i. To nuti a modal of a Liquid thermometer. 



Fig. 136. 


Fit & rubber cork, through the hole of which a long glass tube 
has been pushed flush with its end, into a 260 c.o. flask filled 
with cold water and coloured with indigo (Fig. 135). Plaoe a 
cardboard scale behind the tube and mark the top of the oolumn 
of water. This piece of apparatus constitutes a rough modal of 
a thermometer. Plaoe the flask in hot water and notice that 
the liquid immediately descends. The reason for this is that 
the glass expands with the heat and therefore the flask becomes 
larger and more liquid is required to fill it. But soon the heat 
passes through the glass into the water and the column rises 
steadily. Evidently the water expands more than the glass. 
Take the flask out of the hot liquid and put it under a stream 
of oold water. Note that the oolumn at firBt rises and then falls 
again. (1) Beplaoe the tube by a finer tube and note that the 
instrument is much more sensitive. Explain the reason for this 
increased sensitiveness. (2) Beplaoe the flask by a smaller one 
and note the decreased sensitiveness. 



* Exp. ii. To make an alcohol thermometer. 

You are provided with b piece of capillary tubing 
at one end of which A is a bulb (Fig. 136) and at the 
other B a small funnel. The tube is eonstrioted at C. 
Pour alcohol (coloured pink with magenta) into B. 
Have ready a beaker of boiling water. Holding the 
tnbe in a vertioai position, bring it over the boiling 
waier. Bubbles of air pass np from the bulb through 
the alcohol, thue showing that air expands on being 
heated. Bemove the tube from the souroe of heat bo 
that the air inside may oool. Contraction of the air 
takes place and the alcohol runs down Into the bulb. 
Boil the aloohol in A by placing A jin the hot wajter. 
The air is entirely displaoed. Bepeat the cooling and 
heating until Anally the bulb and tube are completely 
filled with aloohol. While the aloohol is still hot the 
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tube may be sealed : off at C by softening the glaes in the blowpipe flame and 
then drawing it out while still in .ho flame (see Exp. Sci., Ghem. § 3). 

Mercury is generally used in thermometers for the following 
reasons: 

(1) It can be used through a largo range at ordinary 
temperatures (b.p. 357'C., f.p. -39"C.). 

(2) It increases and decreases in volume uniformly for equal 
rises and falls of temperature. 

(3) It conducts heat well and soon reaches the same tempera¬ 
ture throughout. 

(4) It does not require much bent to raise its temperature 
(its capacity for beat is low). 

(5) It is ojiaqne and does not wot glass. 

(6) It does not readily evaporate. 

Alcohol is useful for measuring low tempi ralure.i (f p. - 130“ C., 

b.p. 78* C.). 


106. The fixed points. The free'mg point and the 


boiling point of water are the two fixed 
points from which a scale of temporal utea 
is arranged. The fi oozing point of water 
does not vary under ordinary conditions 
but the boiling point changes with he 
height of the barometer. The temperature 
of the steam from pure water boiling 
when the barometer stands at 7 GO mm. is 
taken ac the higher of the two fixed points. 

The freezing point is determined 
by placing the thermometer in snow or 
powdered ice which is allowed to melt 
slowly, hut the water formed is drained 
away (Fig. 137). A mark is made on the 
stem to show the top of the column of 



Fig. 137 


liquid when the bulb is in melting ice. 

1 In sealing ofl the tube, the temperature of the bath should be somewhat 
above the highest temperature which the thermometer is required to register. 
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The boiling point is fired by placing the mercury 
thermometer in n current of steam in a tube surrounded 
by a steam jacket (Fig. 138). The instrument is called 
a hypsometer. 

The barometer should register 760 mm. pressure. 
The thermometer tube is drawn out through the cork 
until the top of the column is above the cork; a 
mark is then made on the stem to show the boiling 
point. 


Ifl 

<u 

Co 

Fig. 138. 


Graduation. The distance between r. p. and n e 
on the tube is divided in three different ways, accord¬ 
ing to the three scales shown in Fig. 139 and in the 
following table; 


Fig. 139. 




' -=— \ 






Fahrenheit 3 

2 

F 2; 

12 

Centigrade 

0 

C \ 

00 

Reaumur 

0 

9 e 

0 


Seal* 

Symbol 

" 

Freezing 
Point 
(»■ »•) 

Boiling 

Point 

(B.F.) 

No. of 
Divisions 
between 
r. p. <fe b.p. 

Propor¬ 
tional (in 
laet ool.) 

Fahrenheit 

V 

32° 

212° 

180 

9 

Centigrade 

0 

0“ 

100° 

100 

5 

KAaamnr 

B 

°° 

80° 

80 

* 


In order that the reading on all the scales may be reckoned 
from a freezing point at 0*, we must subtract 32 from the 
Fahrenheit readings, then, if F, C and R stand for the corre¬ 
sponding readings on the three scales, we have the equation— 
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F- 32 : C : R = 180 • 100 • 80 = 9 : 5 • 4 , 

F- 32 ISO 9 
C ~ 100 = 6 * 


Bx. I. Whai is the temp oc the G. scale corresponding to 59° F ? 

6 JL JL 2 _ 9 . r _ 2 ^5_ 

O' “S' 9 ~ 15 G 


Ex. iL What w the temp, on the J "teal* corresponding to 80 O.f 


Ex. iu. Snowing that 0° C oorrosp mdi i, 32° P., 
and that 15° C. „ 59° F„ 

coEot'nct a graph to “I r>v7 the 'orrespondmg readings In the two sfalea 
(Sec Fig. 140) 



Fig 140 
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The Centigrade, scale is used tor scientific purposes and is 
largely in vogue throughout the Continent. The Fahrenheit 
scale is usod chiefly in British territory. 

'Practical Exercises. 


Test tin T.T. of the various thermometers provided, using melting 
ioe and a funnel (Fig. 1S7). 

N.B. If the top of the column give* a reading above the fixed point on 
the scale the correction must he entered a* negative, if below as positive. 
(For Zero error, see §§ 6 and 7.) 

107. Maximum and Minimum Thermometers. 


B A 

Fig. 141. 



Fig. 142 a. Fig. 142 b. 


Often we require to know the 

_ ” highest and the lowest tempera 

tures reached during an interval. 

Maximum thermometers 
register the highest temperature attained. 
The thermometer in Fig. 141 is placed in a 
\horizontal position. Mercury is the liquid 
used. A small float of glass or steel A2i in 
the shape of a dumb-bell is placed inside the 
tube before it is sealed up. This ficat is 
pushed in front of the mercury and is left 
stranded when the mercury retreats. To set 
the instrument the thermometer is tilted until 
the float touches the mercury column. 

The clinical thermometer is a maxi¬ 
mum thermometer arranged to give readings 
of temperatures from about 96' to 110* F. 
It is used by medical men to test the tempera¬ 
ture of the body. Man's normal temperature 
is 98° 4 F. A small constriction in the tube 
causes the column of mercury to break so that 
when it has reached the maximum reading a 
small thread is left stranded. To set the 
thermometer the thread must be shaken back 
towards the bulb (Figs. 142 a and 4). 
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Minimum thermometers usually contain alcohol as the 
expanding and contracting liquid. B A 

A glass index AB (Fig. 143) in- * ****-- 

suit) the alcohol is carried hack 
to the lowest point registered, as F,g ' 

the suiface tension of the alcohol at A is sufficient to keep the 
meniscus (A) intact: on the temperature nsing the alcohoi flows 
iiast the stranded float To set the thermometer the iustiuruont 
is tilted until the float touches the meniscus at A. 

In Six's Thermometer we have a maximum and minimum 
instrument combined (l‘ig. 144). The bulbil and 
the tube AC contain alcohol. From C to D the 
tube contains mercury and from D to B alcohol, the 
bulb B contains alcohol and alcohol vapour and air 
under pressuie, which prevents the thread of liquid 
from bi eaking. Small steel floats are pushed by the A 
mete ury as it advances in the tube DB (maximum) 
when the temperature rises, or as it retreats in 
the tube AC (minimum) when the temperature 
falls A fine hair spring is attached to each float 
and holds it in position by pressure against the 
inside of the tube. To set the instrument a 
magnet is used to bring the floats down until 
they touch the mercury. If the instrument is 
accurately graduated the ends of the mercury 
column should always give the same leadings on 
the t .ales. 

log. 144 

Examples XVII (Thermometers). 

1. The position of the mcicury in an ungraduated thermometer is 
maiked when the instrument is placed in ice and steam respectively. The 
distance between these marks is found to be 16 cm. lAhen the thermometer 
is suspended in the laboiatory the mercury is found to stand ‘2'4 oru. above 
the lower mark. IVhat is the temperature of the laboratory on (a) the 
Centigrade scale, (b) the Fahrenheit scale? 



H. E. P. 


12 



176 


Experimental Physics [oh. xvn 


The Centigrade, scale is used for scientific purposes and is 
largely in vogue throughout the Continent. The Fahrenheit 
scale is used chiefly in British territory. 

■Practical Exercises. 

Test the F.T. oi the various thermometers provided, using melting 
ioe and a funnel (Fig. 187). 

N.B. If the top of the column gives a reading above the fixed point on 
the scale the correction must be entered as negative, if below aB positive. 
(For Zero error, see §§ 6 and 7.) 

107. Maximum and Minimum Thermometers. 


B A 

Fig. 141. 



I 



Fig. 112 a. Fig. 142 b. 


Often we require to know the 
highest and the lowest tempera 
tures reached during an interval. 

Maximum thermometers 
register the highest temperature attained. 
The thermometer in Fig. 141 is placed in a 
\horizontal position. Mercury is the liquid 
'used. A small float of glass or steel AB in 
the shape of a dumb hell is placed inside the 
tube before it is sealer! up. This float is 
pushed in front of the mercury and is left 
stranded when the mercury retreats. To set 
the instrument the thermometer is tilted until 
the float touches the mercury column. 

The clinical thermometer is a maxi 
mum thermometer arranged to give readings 
of tempei atures from about 96' to 110* F. 
It is used by medical men to test the tempera¬ 
ture of the body. Man’s normal temperature 
is 98" 4 F. A small constriction in the tube 
causes the column of mercury to break so that 
when it has reached the maximum reading a 
small thread is left stranded To net the 
thermometer the thread must be shaken back 
towards the bulb (Figs. 142 a and b). 
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Minimum thermometers usually contain alcohol as the 
expanding and contraetingbquid. B A 

A glass index AB (Fig 143) in- - * _ 

side the abohol is carried back 

to the lowest point registered, as *' 18 143 

the surface tension of the alcohol at A is sufficient to keep the 
meniscus (A) intact - on the temperature rising the alcohol flows 
past the stranded float To set the thermometer the insliumont 
is tilted until the float touches the meniscus at A. 

In Six’s Thermometer we have a maximum and minimum 
instrument combined (Fig. 144). The bulb A and / 
the tube AC contain alcohol. From C to D the ( 1 ^ ) 
tube contains mercury and from D to B alcohol, the \ , 

bulb B contains alcohol and alcohol vapour and air j — ^ 

under pressuie, which prevents the thread of liquid f , 
from bieaking. Small steel floats arepusliod by the a{^ 
mercury as it advances in the tube DB (maximum) I 

when the temperature rises, or as it retreats in I 

‘ the tube AC (minimum) when the temperature I 

falls A fine hair spring is attached to each float 
and holds it in position by pressure against the 
insido of the tube. To set the instrument a 
magnet is used to bring the floats down until 
they touch the mercury. If the instrument is | 
accurately graduated the ends of the mercury 
column should always give the same loadings on |M 
the scales. 'C 

log 144. 


Examples XVII (Thermometers), 

I. Thu position of the mcicury in an ungradoated thermometer ie 
marked when the instrument is placed id ice and steam respectively. The 
distance between these marks 18 found to be 15 om. When the thermometer 
is suspendeu in the laboiatory the meroury is found to ntand 2-4 om. above 
the lower mark. What is the temperature of the laboratory on (a) the 
Centigrade scale, (i) tho Fahrenheit scale? 


». K. P 


12 
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5. How many degrees will the mercury in a Fahrenheit thermometer 
rise if a Centigrade thermomoter registers a rise of 15°? 

8. Convert to Fahrenheit: 15° C.; - 20° C. : 40° C.: 2° C. 

4. A thermometer is graduated to read 5° in ioe and 7*5° in eteam 
What Centigrade temperature corresponds to 33° on this thermomoter? 

6. At what temperature will Centigrade and Fahrenheit thermometers 
read the same? 

6. How many degrees will the mercury in a Centigrade thermometer fall 
if the temperature of the room sinks 46'’ F.f 

7. Convert to Centigrade: 68° F.; 23° F.: 194° F. : - 13° F. 

8. A thermometer reads - 5° in ice and 85° in steam. What will it 
register when placed in a liquid at a temperature of 50° C.? 

9. At what temperature will the Centigrade reading be half that of the 
Fahrenheit? 

10. Mercury boils at 337° C. and solid'fies at -39° O. Find the 
corresponding Fahrenheit temperatures. 

11. A thermometer is graduated to read - 20" in ioe and 80° in steam. 
What temporalure on this thermometer corresponds to 14" F.J 

12. At what temperature will the Centigrade reading be one-fifth the 
Fahrenheit? 

13. Alcohol solidifies at —202° F. and boils at 172‘9° F. Calculate the 
corresponding Centigrade temperatures. 



CHAPTER XVHL 

EXPANSION OK SOLIDS. 


108. In every-day life >ve are acquainted with the fact that 
solids expand and contract with the ordinary rise and fall of 
temperature due to the varying seasons. The girders of bridges 
and the metal rails on the railway lines are laid with a small 
space between the ends to prevent “ buckling ” if the temperature 
rises considerably. The wooden felloes of a wheel are bound 
tightly together by the metal tyre which is put on in a rod hot 
condition. Water is thrown on the boated metal rim which 
rool6, contracting with immense force. 

"Exp. To (how that a motsu bar expand! on heating and con¬ 
tracts on ooollng. 

Fig. 146 shows a flat bar AT- supported on two blocks and fit (id at A. 
The end li rests on a knitting reedie to which is attached a light pointer. 



Fig. 145. 


On heating the bar the end li moves and turns the knitting needle through 
an angle which is indicated by the motion of the pointer. On removing the 
flame the bar contiaots and the needle turns back to its original position. 

12—2 
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Expansion and contraction affect the length , area and volume 
of a solid. With reference to liquids and gases we can onlv 
speak of expansion and contraction as affecting their volume. 
We can therefore speak of the linear, superficial and cubical 
expansion of a solid, but of liquids and gases the term expansion 
is used only with reference to cubical expansion. 

Coefficient of Expansion. The fraction which unit 
quantity (of length, surjace or volume) of a substance expands on 
being heated through 1* 0. is called the coefficient of ex¬ 
pansion (i.e. of length, surface or volume as the case may be). 

109. Coefficient of Linear Expansion (of Solids). 

These fractions are exceedingly small, as we see from the 
following table: 

Aluminium -000023 Steel -000011 

llrass -000019 Zinc -00003 

Copper -0000)7 Class -0000086 

Iron -000012 Platinum ’0000086 

Silver 000019 

For instance, a foot of steel becomes !-000011 ft on being 
heated 1* O., x.c. it lengthens itself by about ixsocvn °* its original 
length. 

If a = the coefficient of linear expansion of the solid, 

Unit length becomes 1 + a when the temp, is raised 1* O., 
and becomes 1 + 2o ,, ,, „ 2° C., 

1 + at .<* C., 

and therefore 

L, units of length become I 0 (1 + at) when the temp, is raised f* C., 
where L t = length of L units at 0* C. 

H L, = length when the tomp has Iks n raised (' O., 

A, = /.. (1 +■ al). 

Coefficient of Superficial Expansion (= 2a). 

1 foot (length) becomes < V 1 + a) ft. (length) 

when temp, is raised 1” 0., 
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1 square foot becomes '1 t- af sq ft. when temp ig raised 1* 0. 
- 1 + 2 a+ a’, 

ie.if DA expands /M'o n being ’mated 1*0. (Fig. 146), then 
square ABCD becomes square AM'D + ‘LA BE A’ + BFB'R, but as 
a is a very small fraction, a a is negligible, lienee the coefficient of 
superficial expansion - 2a. 



Fig. 140. Kg. H7. 

Coefficient of Cubical Expansion (= 3a). 

Similarly 

1 cu ft). becomes (1 t a>* on be n ' hr\ttr<] through 1° 0., 

• e. 

1 cu. ft. becomes l + ■+ "a* on brine heated through 1“ 0., 

3a a are negligible, since .< is a small fraction, 

the co* Orient ol cubical expansion •= 3a. 

*x. i. Fig. 147 ie a diagram of tne amount of rzparm.on of a small cube 
ot unit edgp v»hen heaVd 

Copy Fig. 147 and mark is Inch f n i correspond to 1, 3n, 3a 3 and a*> 

Bx. ii. Given that the ecdhc »* t of utit&i expansion of steel =-000011, 
find the length, men of fver ami echoic d ft ete'-l cube 7 ftet long, at 15° C , 
when the temper atm* i» %,m I to OS’* C. 

The riBfl in temp _ b5 io >*P 0 
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snd the 


Each edge becomes 7 (1 + -OOOOll x 50) ft., 

„ face „ 49 (1 + 8 x -OOOOll x 50) sq. ft., 

volume „ 843 (X + 8 x -OOOOll x 60) ou. ft. 


110. To find the coefficient of linear expansion 

(lever method). 


•n*p. L 


S Cedin 


Fig. 148 represents 
O* 


£ 

o 

o 


JL, 




rhr 1 


B Qw 

big. 148. 


inexpensive yet effective form of 
apparatus. A tong glass tube (about 80 cm.) 
has a constriction at L and a small hole at M. 
The wire of metal (aay aluminium) whose co¬ 
efficient of expansion is required, knotted at L 
passes through M and is hooked through a hole 
B in the lever ADD. The lever 1 ADIt (of braes 
sheet) is very accurately made, tha centres of 
two small holes A and B being drilled exactly 
0 6 cm. apart; the length of the lever from A to 
Z) is (conveniently) 20 om. The lever Is pivoted 
at A, a Gne needle driven into a raised pieoe of 
bard wood attached to the board. A weight W 
keeps the wire taut. Let the temp, of the room be 
15° C. Note the position of D on the scale S. 
Paps steam at 100° O. through the tube and 
when D haB ceased to fall measure the drop, 
Z>2>,=(say) 61 om. 

Measure LHf=(say) 76 cm. 

Binoe AB = 0'6 om. and 4bx20 cm.. 


AD 

AD Z 


■6 
20 = 


1 

<U)‘ 


If D drops 5T cm., B drops * cm., 


40 


but drop of B = expansion of the wire LM. 


1 N.B. A metre ruler may be substituted lor the lever described above 
and gives satisfactory results. The two holes corresponding to A and Bare 
drilled at 6 cm. and 10 cm. respectively. A fine nail is driven through A ; 
the wire is hooked on to a wire loop through B. 

_ L AB 5 om. 1 

Then AD * 96^cm. _ I§ ’ 

No weight is required. 
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75 am. of Aluminium on being heated 100°- 15" 0. (=85" C.) 

increases x 6‘1 cm., 


A 1 am. Aluminium on being heated 


1° 0. inoroasee 

1x 5 1 
40 x 85 x 75 


=-00002 om. 


To find the Coefficient of Expansion of a solid (say 

glass) (screw-gauge method). 

*Hxp. ii. Fig. 149 represent* the apparatus. A long p’att tnbe A Bis 
clamped at B in a sloping position by a retort stand fastenod securely to the 
table. The tube is supported at C. Wind a stout piece of copper wire tightly 



three times round the tubs at A and twist the ends so that they form a rigid 
pointer. Measure tne length of the tnbe from the wire A to the clamp B 
( = say 138-6 cm.). Note rhe temp, of room (17" C.). damp a sorew 
gauge S tightly to another retort stand also fastened firmly to the table. 
Adjust the sorew gauge so that the end of the screw just touches the wire, 
the screw itsiilf being fixed parallel to the tube. Note the reading (say 
0-94 cm.). Pass Bteam at lOO c. through the tube. After 5 minutes 
turn the screw carefully so that its end just touches the wire again. Note 
the second reading of the screw (say 0-85 cm.) 1 . 

The expansion of 125'5 cm. of glass on being heated through 100° -17* 
(=83° C.) is therefore 0-94 - 0-85 = -09 om. 

1 The results given in this and in several other experiments were obtained 
by the Fourth Forms of the Liverpool Collegiate School (act. 14). 
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A 126’5 om. of glass heated through 83° C. expanded '09 om. 

09 

A lom. of glass „ 1° 0. „ OfhsJg'l Cm ' 

•09 

A the coefficient of expansion of glass = — - - =OOOOOe«. 

Ho 0 X Oo 

111. Compensated Pendulums. 

The time-keeping qualities of an ordinary pendulum clock 
depend to a great extent on the length of the pendulum. The 
distance from the point of suspension to the centre of gravity of 
the pendulum must be constant; it must not vary with the 
temperature. 

The Mercurial pendulum. The rod is generally made of 
iron 1 . The bob is a narrow cup fixed to the rod and contains 
mercury. The bottom of the cup moves slightly away from or 
q approaches the point of suspension as the rod expands 
or contracts with variations of temperature. The 
mercury in the cup also expands and contracts, thus 
raising and lowering its centre of gravity; the quantity 
of mercury in the cup is so arranged that the expansion 
of the mercury, which is relatively greater thaD that of 
the rod, raises the a G. as much as the expansion of the 
rod lowers it. 

The Gridiron pendulum is made of rod 1 * of (wo 
metals having different coefficients of expansion, 
arranged symmetrically and fixed together “ in series ” 
at their ends (Fig. 150). Aluminium ( A ), coefficient of 
expansion, a A = "000022, and Steel ( S , S,), coefficient of 
expansion, a s = "000011, are suitable metals, their co¬ 
efficients of expansion being in the proportion 2:1. 
The rods arranged as in Fig. 150, in such a way that 
Fig.150. ex p a nsion downwards of the iron = total expansion 

upwards of the aluminium, 

1 "Invar'' »u alloy of steel and nickel (36 °/ cl ), which retains an almost 
invariable length at different tempeietures, now renders the core.eusated 
pendulums unnecessary. 
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(length 5 + ■?,) 

length of .S' + 
length of A 


a s - length of A x a Af 




= “ (see Fig. 150). 


Ejampt.es XVII] (Expansion of Solids). 

1. An iron rod m-*sure« 200 cm ai 0° C Rud 200'12 cm at 60° 0. 
Calculate the lmo&r coefficient of expansion of iron. 

2. If the lion rails on a railway line are 10 yds. long what spaoe must 
he left between two m*1b to allow for expansion )l th« temperature may 
range over 60° C.7 (Lin. Coeff of Exp. of Iron = *000012.) 

3. A bar of iron i& 60 ft. long at 0° 0. At what temperature will it 
measure 60*144 ft-? 

4. A zinc rod measures 100 255 cm. at 85° 0. If the linear coefficient of 
expansion of zinc is *00003, what will the length be at 0° C. ? 

5. A glass rod packed in ice ie 2 metres long as measured by a bras* 
scale at 15° C. If the scale is correct at 0° C. what is the true length of the 
glass 7 (Lin. Coeff. of Exp. of braes = -000019.) 

6. Calculate the coefficient of expansion of iron from the following data 
Length of Iron pipe at 20° C.- *0 cm.; Final Temperature = 100* C. j first 
reading of screw gauge = 9 mm.; second reading=8 52 mm. 

7. A compensated pendulum in to be construoted of Aluminium an i 
Iron. If 3 ft. of iron is to be used what length of Aluminium will be 
required? (Lin. Coefl. of Exp. of Aluminium = 000023.) 

8. A line measured by a brass eoale at 60° C. is 20 cm long. If the 
brasB scale ib correct at 0° C. what is the true length of the line? 

9. At 0° C. a rod of iron measures 100-2 cm. and a rod of brass 100 cm 
At what temperature will they have the same length ? 

10. Calculate the coefficient of expansion of glass from the following 
data: Length of glass at 10° C. =2 metres; Final temperature = 100® C.; 
1st reading of screw gauge = 10 mm.; 2nd reading = 8-45 mm. 

11. A compensated pendulum is tn be made of Iron and Zinc. If the 
length of the iron is 4 ft. what length of zinc must be taken? (Coeff. of Exp 
of Zmo = *00003.) 
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12. A wire 100 cm. long at 16 s 0. is attached to a metre roler at the 
msrk 10 cm. The ruler is capable of revolving about a pivot at the mark 
5 cm. When the wire is heated to 100° C. the end of the ruler drops 1-9 cm. 
What is the linear coefficient of expansion oi the wire? 

18. A copper plate measures 10 ft. by 5 ft. at 0° 0. What will its area 
be at 100° 0.? (Lin. Coefl. o( Exp. of Copper= 000017.) 

14. A lead tank is 5 ft. long, 4 ft. wide and 8 ft. deep at 0° C. How 
much boiling water will it hold if the linear coefficient of expansion of lead 
is 000029 f 

16. If the volume of a brass sphere is 40 o.c. at 0° C. and 40-228 c.c. at 
100° C. what is the linear coefficient of expansion of brass? 

16. A copper cylinder has a diameter of 20 cm. and height 70 cm. when 
measured at 16° 0. What will be the volume of the cylinder at 55“ 0.7 (Lin. 
Coefl. of Exp. of Copper = -000017.) 

17. A glass vessel holds 2 litres at 12° 0. How much will it hold at 
112° 0.1 (Lin. Coefl. of Exp. of Glass= 0000086 ) 

18. The density of lead at 0“ C. is 11-4 gm. per c.c. If the coefficient ol 
linear expansion of lead is -000029 calculate the density at 100“ 0. 



CHAPTER XIX. 


EXPANSION OF LIQUIDS AND GASES. 

A. EXPANSION OF LIQUIDS 

112. Real and Apparent Expansion. When we 

heated the mode) of a thermometer 105) we 
noticed that the column in the tube fell at first 
owing to the expansion of the glass flask lot 
the first position of the top of the column be at 
A (Fig. 151) when both vessel and liquid are 
cold. Tf it were possible to heat the glass with¬ 
out wanning the liquid ins'de, the column would 
fall say from A to B, and the volume A B would 
be a measure of the expansion of the glass. 

Next imagine that the ylai,i does not change in 
volume while the tempera’ure of the liquid is 
raised, then the top of the column would rise 
to 0 and BO would ,neasure the real (or absolute) 
expansion of the liquid In practice, however, 
both glass and liquid rise in temperature to¬ 
gether and when the top of the column has reached 0, AO 
represents the apparent expansion of the liquid. It is evident 
therefore that the expansion BO = expansion AB + expansion AO, 
or, in words, 

Heal Expansion of Liquid 

= Apparent Expansion + Expansion of the glass vessel, 
or, written w coefficients of expansion (£), 

^ Apparent ’ f ' • 



Fig. 151, 
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To find the apparent (or relative) coefficient of 
expansion of a liquid ( e.g. methylated npirits). 


•Up. i. 



(1) Weigh an empty Relative Density Bottle (say SO 075 grams). 

(2) Weigh it full of methylated spirits (Ray 
B0'6 grams) and note the temperature of the 
laboratory (say 15 7° C ). Twist wire round the 
neck of the Relative Density Bottle and clamp it 
with a thermometer in a can of water an shown in 
Fig. 152. Warm the water to about 00° C., stir 
well, and note the temperature when constant for a 
few minutes (say 52 9° C.). Take out the bottle, 
dry it and (3) weigh again (say 78 705 grams). The 
loss of weight, t.e. (3) - (2), = 1-895 grams = weight 
of spirit which has been driven out by expansion, 
through the liquid being heated from 15 7° to 62-9°, 
i.e. through 87-2° C. 

Let d 3 density of methylated spirit at 15-7° 0. 
•rtien the volume at 15 7“ C. of the Rpinl driven 

The weight of spirit left in bottls 


I -895 

out= v e.o. 

a 



after 


after expansion = 78-705 - 30Q'i5 = 4B-O3 gxame, 
and the volume .at 15-7“ 0. of spirit left in bottle 
expansion and which fills the bottle at 62'9* C. 


48-03 

:_c.e. 

48-03 

,. - - c.c 


i. qo 

beatort through 37 2° C. expand-o.o. 

d 


Fig. 163. 


1 o.o. of spirit heated through 1 ° O. expands 

1 8 os ixd 

, 40 -0 5 , 0 = '001047 «.o. 

a x 48 *>3 < 37 2 

A the apparent coefficient of expansion 

of ineth. spirit = *001047. 

*Dxp. ii. The coefficient of apparent expansion may 

be found by direct measurement fairJy accurately by inserting 
a tub* of hnt.um erors-eection into a small flask or bulb 1 
(Fig. 153). The area of erou-section (4) of the tube is 
calculated by dividing the vol. by the total length, (a) Find 


1 Capillary tubes ground to fit ltd. Dene. Bottle** or bnlba fitted with 
tubes may be obtained from the makers. 
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its vol. by weighing (grams) the mercury which will fill the (dry) tube end 
(5) dividing the mast of meicury by Ua ‘tensity (13 0) (wet’ Lx. m, p. 75). 
The volume-r tot^J length o/ tube ;= area of cross-section (d). 

The weighings (1) and {‘2) are taker* as m Lsp. 1 to obtain the mu si (m) of 
liquid in bottle &ud tube. The detuuy (d t cl the liquid at the temp of 

laboratory must be known. ^ = vol, of liquid ( V ) at temp, of laboratory b 

The actual volume of expansion may be obtained by measuring the rise 
(Z) of the column iu the tube, on heating tin ugh a kncv»n tempt rature 
(f) as in Exp. i and multiplying by the area oj cross action { 4) of the tube. 
The rue (1) of column in the tube is obtained b w , measurement* Lom th« 
open end. 

The volume* of exj j.i*sa n t — A x l. 

Then V c c cn beni* i j-ird Urn, ugh r expand v, 


1 0 . 0 . Ou Li ,g Irate 5 through 1 ° piramls 

= Coi of F’^ausion of Liquid. 

The advantage of thin direct iueth'-l is that t 1 : • coefbcients of expansion 
of several liquids may be quid lj obtain*, ti and compared when once the 
volume (V) and the area of crogft cection (d)are kno’Aii 

Before lieatmg, the lev * 1 ut tne liquid 'u the tubs is ainsted to a mark 
(Jf) by adding or removing liquid by a capillary tube or by a wiro wiiLh acts 
as a plunger. 

113. Effect of Expansion on Density. 

Muss . . ?- 

Wa know that Density = v .- - . D- 7 , • 

7 0 UiJ.o ' 

V Do and D, repre-uint the- d“usities at u U .<r and a higher temperature 
respectively, and V» and V, lepusent the corittj on hn S volumes, 


tat F|=F 0 (id e! ) wh ' ,, > c- 5 " ’* ionl of etp'ansion. 

. 5? _ L»(l±£.'', 1 + 1{\. 

D t t'c 

114. Coefficient of Absolute Expansion (Dulons; and 
Petit’s Method). 

In § 45 we have learnt that the dorisities of two liquids are 
1 The vol. of the LuJb in o.o. may he fouud once for all by weighing the 
mercury it will hold (grains) and dividing Lj 13 6 
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inversely proportional to the heights of the columns which 

balance each other, tc = ■ 

D, h t 


If then we fill a 



U-tube with the liquid whose coefficient of 
expansion we wish to determine, heat 
one arm of tube and cool the other, 
we shall have a column of hot liquid 
of greater height and less density 
balancing a column of cold liquid of 
less height and greater density ; and 
from observations of the heujhts of the 
column# toe can calculate the absolute 
coefficient oj expansion of the liquid (t). 
Fig. 154 shows a U tube containing 
(say glycerine). 

The arm CD is cooled with ice cold 
water at 0“ C. 

Tile arm AB is heated with steam 
at 100‘ O. 


A, constriction in the horizontal tube prevents currents and 
consequent mixing of hot and cold liquid. (1) Both sides are 
cooled to 0*, the length of liquid CD is measured, h„, and the level 
of the cold glycerine in A is marked on the tuba Steam is then 
cautiously passed into the jacket on the side AB and the rise of 
the column is measured and added to h t . Let the height of the 


hot column = h lot . 

Then, since -vr— — .(§45), 

-*'100 ^0 

and since D, - D i00 ( 1 + 1 OOe) .(§113), 


• «— ^ioc _ 1 ( D | . \ 

' • " 1067% ~ 100 \D lM V 

1 / \ _ ^100 

= 100 \ h, )~ 100/., • 
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114 - 115 ] Expansion of Water 

Coefficients of Expansion (Liquids). 

Alcohol 00108 Mercury OOO'S 

Ether 00210 I Tuipentine -00105 

Glycerine 00053 Water 00045 

115, Peculiar expansion of water as it cools near 

ftrei-'Mff punt. 

Water is densest at 4’ C It contracts m ' olmnc fiom 100* C 
to 4* C , hut coiled below 4“ C it expands and at 0" C its volume 


Penalty at 0° 

= 0 99987. 

Density at 4* 

=1 00000 

Density at 8“ 

= 0 90989 

Density at 10° 

= 0 99976. 


is almost ex >^tly equal to what it was at 8’ O The changes in 
volumit between 10" and 0* C are shown 
by a curve in Fig. i 55 the i ! en xty of 
water is given to the right of the big. 

Hope's Apparatus. Fig. 156 
‘how 0 at. jj palates wtncli demonstrates 
the sti mre currints (§ 156) which are 
created in aquan'itynf water gradually 
cooled from say 10* C to the freezing 
point. A cylinder is filled with water 
at about 10” C. and two thermometers 




Cuive of Volume of Wa .-r bofweor 10° and 0° C. 
ll l 
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A and C indicate the temperatures at the top and at the bottom 
as the water is cooled to 0' by a freezing mixture (of ice and salt) 
placed in the trough B. The water at a medium depth near B is 
cooled,contracts in volume, becomes denser and sinks to the bottom. 
The thermometer at C shows that the water at the bottom 
gradually cools until 4* C. la reached. Meanwhile the water at A 
has remained at about 10* C., but now begins to show a rapid fall 
in temperature until it roaches 0*. This fall is due to the water 
near the ice jacket, being cooled below 4° C., expanding, becoming 
less dense and rising to the top. The thermometer at C remains 
neai ly stationary at 4* C. until that at A haB registered 0“ for 
some minutes. 

By a little imagination we can now' understand the process of 
cooling of a pond or lake. Ice will not form until all the water 
of the lake has cooled to 4* C.; then the colder water being on 
the surface, ice will form only on the surface while the water at 
the bottom (if the lake is deep) will not fall much below 4' C. 
Fish and other aquatic animals are therefore able to exist in the 
deeper parts of lakes even in severe winters. 

B. EXPANSION OF GASES. 

116. Exp. To show that gases ex¬ 
pand readily on heating. 

Partly fill a 500 c.c. flask IJ (Fig. 157) with coloured 
water. Through a rubber cork fitted to the flask put a 
piece of glass tube to which a paper soale A is attached. 
Arrange that the end of the tube dips below the liquid in 
the flask. The warmth from the hands plaoed round the 
flask is sufficient to cause a considerable expansion of the 
air which is shown by the rise of the column in the 
tube. 

John Dalton an Englishman and Professor 
Charles a Frenchman discovered independently 
(about the year 1800) that equal volumes of aii 
gates expand almost equally when heated, pro¬ 
vided that the pressure is kept constant. 



Via. 1S7. 
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193 

Coefficient of Expansion of a G as (e). 

Charles’ Law. All gases expand iho-it ; o e their volume 
at 0 C Jot every aegi te C. rise in temperatui r, 'K? pressure 
remaining constant 

Let r, and V, be the volume' of the gas at 0’ 0. and at t' 0. 
respectively. Then 

V,= V, (1 + ,*--«) [cf. § lOlt], ,» s =. 00366 = («). 

Coefficients of Expansion of Gases. 

Air 00367 Carbonic Acid lias 00371 

Ry T ognn 00366 1 Nitrogen 00367 

117. *Exp. To find the coefficient of expansion 
of air at constant p leisure. 

! for aJte.ij it no method sec A pp, ndi.\ r> 27* t ] 

Lse Boole’s Lew Apparatus (sue $ Cl) A thiotle funnel EK 
(J'lg 158) is joined to a st might open tube 
AQ by lubber tubing II, ui’ch should 
be longer than in the figure. Tht glass 
tubes are held vertically and mercury is 
poured into E until A<J is about ba'f full. 

The air enclosed in the g'nss tut>r. . 
must be absolutely dry 3 *o drops 1 of 
pure sulphuric acid are therefore put [_ 
into AQ through the oyn end which is 
then sealed off m the bio-*pipe flame, 
the sulphuric acid absorbs moisture. 

The tubes are then clamped as shown 
in the figure AQ is surrounded by a 
steam jacket The levels of tin mercury 
are adjusted ori both sides, LhQ being made horizontal, and the 
volume V, is measured on the scale, the temperature t‘ 0. being 
noted. Steam is then pissed in at 100’ C fiom a boiler B and 

1 The quantity of sulphu'ic acid should be so little that the meniscus 
of the acid should touch the mercury (me (J at the side oi rig. 168). 

13 



rrg. rob 
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the tube EK is lowered until LKQ is again horizontal; the volume 
V 1M is then measured on the scale. The following are the 
observations taken: 

Position of closed end of tube (A) on Beale = 5'00 cm. 

,, mercury surface (Q) at 15’ C. = 2173 cm. 

„ ,, „ „ 100° C. = 26-66 cm. 

Length of column at 15* C. =21-73 - 5 = 16’73 cm. 

„ „ 100“ C. = 26-66 - 5 = 2H56 cm. 

Expansion = 4-93 cm. 

N.B. The area ol cross section of the tube is assumed to be constant 
and thcrefoie the volume of enclosed air is proportional to the length of the 
oolumn. 


21-66 vols. in cooling 85“ would contract 4-93 vols., 

4-93 

2166 vola „ 1* „ „ -y vols., 

4-93 x 100 


21-66 vols. 


100 “ 


85 


= 5 8 vole., 


length of column of air ( AQ) at 0’ = 21 66 - 5-8 = 15 86 vols., 
15 86 vols. heated through 100' expands 5 8 vols., 

5-8 

15-&6 x 100 


1 vol. 


V 


■00366. 


A 'ote In Demmmrator. Tin °e tubes should he stored vertically thus, U ; 
they may be conveniently used for Exp., § 6i (Buyle’s Law), water being 
passed through the outer jacket to keep !l<e temperature constant. 


118. The Absolute Scale of Temperature. 

We can apply Charles’ Law to temperatures below 0’ C., but 
instead of the word expand we must read the word contract. I 
then from unit volume we subtract 3 of that volume for even 
fall ox 1* C., it is evident at - 273" 0. we shall subtract 

*4, x 273- 1, 

therefore the volume of the gaa will be reduced to no thing a 

- 273 * a 
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11>5 


The temperature (-273* C.) is called the absolute zero. 
Before this temperature is readied however all gasw are solidified. 
It is easier to understand this scale if. instead of unit volume, we 
consider 273 vols. at 0° 0. 


At 10° C. the volume becomes 273+ 10-283 


0° c. 



273+ 0 - 2731 

- 10° 0. 

n 


2.3- 10--2031 

- 100° 0. 



273 - 100. 173 

- 203° c. 

it 

,, 

273 200= 73 

- 273° C. 

, 5 

Y , 

273-273= 0 


> 

cr 

(T: 

O 

C 

iT> 

03 

o 


Q 

o 


** 

a 

o 

a 

u* 


3. 


ST 

& 

ct> 


Temperature reckoned from tiie absolute zero as shown by the 
vols. given in the last column is called absolute temperature. 
Degrees Centigrade + 273 = Degrees on Absolute Scale. 


Id is evident that the volumes of gases at various temperatures 
are directly proportional to those temperatures reckoned on the 
absolute, scale. 

Therefore if wo have F. c.e. of air at tf C. and we wish to 
know its volume V, c.c. at /,* C., wo convert, the temperature on 
the C. scaio to the absolute scale by adding 273 and write: 


V, 273 + i, T, (absolute scale) 
F, ~ 273 + t, T 7 (absolute scale) 


Example. 500 c.e. are measured at 15° C. 
become at 100° C. ? 


What wilt their volume 


500 

V» 


973 + lfi 
27 F+Tob' 


j. r a = 


500 x 370 
288 “ 


: 647'6 c.c. 


119 . C orrection of Volume of a G-as for Pressure 
and Te mperature. 

If in addition we have to correct for variation of pressure, we 
can imagine the process to go on in two stages: (I) allow the 
gases to expand or contract with variation of temperature but 
keep the pressure constant; (2) having obtained this result 

13—2 
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allow the gases to expand or contract with variations of pressure 
but keep the temperature constant. Thus : 

Example. S00 o.c. ar« measured at 15° C. and 700 mm, preBBUre. What 
will be their volume at 100° 0. mid 800 m:n. pressure? 

(1) Keeping the presiure ooustant 

500 x 378 , _ , . 

V= —(see Ex. above). 

(2) Keeping the temperature constant, what will be the volume ol V 
when the pressure changes from 700 mm. to 600 mm.7 

c373\ 700 


V, 


_ / 500 x 31 
286 


) " 800 


(see 8 62). 


hanoe, for correction for Temperature and Pretture, we obtain the formula 

Pi v i _ PiZt 
n - r 2 • 

which is a combination of 


and 


For 


and 


0) 

( 2 ) 


- 7.7 , i.e. 7.' - ' (sec above, Charles’Law), 
J, J t > i r 2 

Fj F, = r 5 V, (see § 61 , Boyle’s Law). 
V ac T when P is unaltered (Charles’ Law) 

r, .. ,, v lio>le x Law), 


V <x 
For 


„ P and T vary 
P, r, Ft v. 


120 . 


2, 2’, 

The Coefficient of Increase of Pressure of a 


Gas, its volume being kept constant. 
From the formula 

■m 1 j 


(§119)- 


If the volume is kept constant, i.et. F 2 = V lt then 
1\ T, ’ 

*.«. the pressure varias directly as the temperature reckoned on 
the absolute scale. 

Let 

T, = 273‘ absolute temperature corresponding with 0* C., 
and 2’,= (273 + 1) „ „ „ „ <’0. 


)i 
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Let P, = pressure at O’ C., 

and P> -- » <* C., 

p p 

then 273 = 273 +1* 

/. P,-P,(l +T ^t) (of. §115), 

or, in words, the pressure of a gas increases by j-fr °f *** pressure 
at 0’ C. for every rise of temperature of 1* C., the volume being kept 
constant (ct. § 116). 

Bxp. (A) To lllnstrat* this L» of Charle* applied to Fremar* use 
the same apparatus (Boyle’s Law) as was utnsd m Exp., § 117. Bass warm water 
through the jacket, Fig. 168, note the temperature, and raise the tube EAT until 
the vol. V is constant, i.e. Q trust be kept stationary, opposite to a gummed 
slip of paper on the water ja ket In reading the pressure!, do not forget to 
add (H) the barometric pressure to the difb recce m level bet s ten K and Q. 



Fig. 159 


(B) Fig. 159 shows a convenient form of apparatus sometimes employed 
to illustrate this law. A bulb B contains dry air and is connected with a 
ll-tube CD containing mercury. A reservoir consisting of a dosed rubber 
tube full of meroury is connected with the U-tube CD. By turning a sorow 
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E a pieeo of wood presses more mercury from the reservoir into CD, and &a 
the air in the bulb tends to expand when the latter ib heated in the water 
bath W , the thread of meroury may be constantly brought back to a point A,. 
by turning E\ the volume of enclosed air in B is thus kept oonstant. By 
this sorew device, the raising and lowering of a meroury reservoir is obviated. 
To the difference in level of the mercury on the two sides, the barometrio 
pressure must be added, as mentioned above, in order to obtain the 
pressure of air in the bulb B. This apparatus is sometimes called an air 
thermometer. 


Examples XIX a (Expansion op Liquids). 

L A graduated cylinder contains 200 c.o. of mercury at 15“ C, When 
it is placed in a jar of water at 55° C. what volume will the mercury occupy? 
(App. Coed, of Exp. of meroury = -000155.) 

2. A quantity of mercury measures 60 c.c. at 16° C. At what tempera¬ 
ture will its volume he 50’18 c.o.? (Beal Coefl. =-00018.) 

8. A density bottle holds 55 gm. of liquid a . 0° C. and 50 gra. at 100° O. 
Oaloulate the coefficient of expansion of the liquid. 

4. A flask weighs 20 gm. when empty and 62 gm. when full of alcohol 
at 0° C. What will it weigh after being heated to 60° C.f (App. Coed, ot 
Alcohol =-001.) 

5. 105'5 o.o. of turpentine at 50° C. become 111 c.o. at 100° C. What 
would the volume be at 0° G.? (Coeff. of Exp. unknown.) 

6. A weight thermometer holds 200 gm. of mercury at 0° C. If heated 
to 100° 0. how much mercury would overflow? 

7. A bottle weighs 19-6 gm. when empty, 61 6 gm. when full of alcohol 
at 10° 0. After heating to 60° O. the weight is 59 6 gm. Calculate real and 
apparent coefficients of expansion of the liquid. 

8. A 50 o.o. bottle is filled with mercury at 0° 0. What weight of 
meroury will be expelled when the temperature rises to 100° C.? (Density of 
meroury = 13-8 gm.) 

9. The density of water at 80° O. =0 972 gm. per o.o. Find the mean 
coefficient of expansion of water from 4° C. to 80° C. 

10. A certain quantity of liquid measures 1009 o.o. at 24° C. and 
1036 <vo. at 84° C. Find its volume at 4° C. 
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11. A flask contains 20*5 gm. of a liquid at 20° C.: on heating to 40° U. 
0*5 gm. is expelled. Calculate the coefficient of expansion of the liquid. 

12. How much mercury must be placed in a 50 c.c. glass bottle so that 
the space above the mercury may remain the same at all temperatures? 

13. A weight thermometer contains 400*2 gm. of mercury at 0° G. On 
heating to 100° C. 6 2 gm. are expelled. If the real coefficient of expansion 
of mercury is *000181, calculate the coefficient of expansion of gla^s. 

14. The density of raeronry at 0° G. is 13 C gm. per o.o. What is its 
density at 100° C.? 

16. A Hare’s apparatus dips into two beakers one containing alcohol at 
15° C., the other alcohol at 55° C The cold column measures 50 cm.: the 
hot 52 cm. Calculate the coefficient of expansion of alcohol. 

16. A U-tube containing aniline has one limb surrounded by ioe, the 
other by steam. The cold column measures 50 cm,: the hot 54*5 cm. What 
is the coefficient of expansion of aniline? 


Examples XTX b (Expansion- op Gabe?). 

Pressure constant. 

1. If 192 o.o. of air measured at 15° C. become 218 ac, at 99° C, f what 
would the volume be at 0° C. ? (Coefficient unknown.) 

2. A 50 o.o. bottle full of air is heated to 100° C. while completely 
immersed in water. The temperature is allowed to fall to 10° G. and 12 gm. 
of water pass into the bottle. If the temperature fell to 0° C. how much 
more water would pass in? (Coefficient unknown.) 

3. 300 c.c. of oxygen gas at 0° C. become 400 c.c. at 91° C. Calculate 
the coefficient of expansion of oxygen. 

4 . A quantity of air measures 91 c.c. at 0° C. What volume will it 
occupy at 84° C. ? (Coefl. of Exp. = y f T .) 

5. What rise in temperature is required to cause 150 c.c. measured at 
0° 0. to become 200 o.c.? 

6. To what temperature must 90 o.o. of air at 0° C. be heated to treble 
its volume ? 

7. Calculate the coefficient of expansion of air from the following: 

Distanoe of mercury surface from closed end of lube at IT C- —13*8 cm.: 

at 100° 0. = 18*1 cm. 



200 Experimental Physics [ch. xix 

8. II at 27° 0. a certain quantity of air measures 100 o.o., what will ita 
volume be at 0° 0.7 

9. A quantity of oxygen measures 182 o.e. at 0° G. Calculate its volume 
at - 273° a 

10. A 25 e.e. relative density bottle full of air at 100° O. if inverted in a 
beaker of water at 16° C. 5-7 gm. of water are drawn in. Find the co¬ 
efficient of expansion of air. 

Boylr'i Late and Charlet’ Law. 

11. One litre of air measured at 27° C. and under a pressure of 75 cm. 
is oooled to 0° C. and the pressure is doubled. What is the new volume ? 

12. 273 o.o. of air at n.t.p. are heated to 27° C. and the pressure is 
halved. Calculate the new volume. 

13. 61 o.c. of air at k. t.p. are heated to 60° C. and at the same time the 
pressure is ahanged. If the air finally measures 66'6 o.o. what was the 
pressure ? 

14. A certain quantity of oxygeD occupies 150 o.o. at 27° 0.: at 77° 0. 
when the barometer stands at 76 cm. the volume is 210 o.o. Under what 
pressure was tbe gas originally measured? 

16. A quantity of gas measured at 102° 0. and under a pressure of 
760 mm. occupies 76 o.c. Calculate the volume at N. t. p. 

16. A litre of gas measured at - 3° 0. and under a pressure of 74 cm. is 
heated to 24° C. while the pressure is increased to 76 cm. What is the new 
volume ? 

17. Find the volume at n.t.p. of a quantity of gas which measures 
804 o.c. at 47° C. under a pressure of 80 am. 



CHAPTER XX 

(a) calobimktry. (b) specific hkat, 

121. Calorimetry la Measurement of Quantity of 
Heat. 

In § 104 we showed experimentally that a red hot piece of 
iron does not necessarily contain njore heat than another piece of 
iron which is only warm. We roughly compared the quantities 
of heat contained in two pieces by testing their “ temperature 
raising powers” on eqiial quantities of cold water. Tins was an 
instance of the kind of method employed to measure the quantity 
of heal in a body—to try the “ temperature raising p..wer ” of the 
body on mixing it with a knoren quant Uo of anncher substance, 
which is usually imter. 

Exp. To find the effoct of mixing eqn&l xunasos of water at d efferent 

temperature*. Take two beakers A am 1 U of the earn? size \150 0 . 0 . 
capacity). Into one of the beakers (^4) put 50 c.e. of wat •( and warm it to 
about 40° C. Into the second beak.es \B) measure 50 c.c. of ice culd water. 
Take the temperatures of each quantity exactly, and quickly pour the contents 
of A into B and then pour the whole quickly back again into A*. Note the 

1 If the temperature of the room is (way) 17°, the cold water gains and the 
warm water loses approximately tho same quantities of heat while the 
experiment is proceeding. The temperature of the mixture is approximately 
that of the room, henoe there will be little error due to loss or gain of heat 
after mixing. The object of pouring the mixture back again into A is (I) to 
thoroughly mix the two quantities, (2) that the beaker A which is still warm 
may restore the heat lost by the mixture in raising the temperature of 
beaker B. 
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final temperature of the mixture. It will be found that the temperature of 
the mixture la almost exactly midway between the temperatures of the warm 
and the oold water: in other word- the 60 c.o. of warm water have loot as 
muoh heat as the 50 c.o. of oold water have Rained. 

In mixing a hot with a cold body, if there is no heat lost by radiation, 
heat lost by hat body = heat gained by cold body. 

122. Unit of Heat or Calorie. 

Let us write the quantities of heat gained and lost by the cold 
and hot water in Exp., § 121, in terms of a unit which is defined 
as follows : 

The unit of Heat is the quantity of heat given out or 
taken in by 1 gram of water when its temperature falls 
or rises 1’ C. This unit is called & Calorie or the “ gram- 
degree” unit of heat. 

Observations of Exp., § 121. Heat units gained 
and lost. 

Mass of warm water , r >0 grams ( M\ temperature 39" C. [T*]. 

„ cold „ 50 grams [■/»], „ 1* C. [f‘], 

Terupcratuie after mixing 198* C. [<?"]. 
Fall in temperature of warm water = 39 — 19 8 = 19-2* C. 
Rise „ cold „ =19-8-1 =18-8*0. 

When 1 gram of water falls 1° O. in temp, it loses 1 calorie. 

[Definition.] 

BO grams of water falling 19'2° C. in temp. lose 50 x 19'2 

= 960 calories, 

and 

50 grams of water rising 18-8* 0. in temp, gain 50 x 18-8 

= 940 calories. 

ITota. If there were no experimental error*, heal gainrd = heat lost. 
*Bxp. To find tlia eSeot of mixing different mallet of water at 
different temperature*. Take 40 gramB of hot water at about 60° C. and 
60 grams of ice cold water. Observe the temperature* a* in Exp., § 121. 
Pout quickly the oold water into the hot aDd the mixture hack into the cold 
beaker. Stir with the thermometer and note th e final temperature. 
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Observations, 

Mass of hot water 40 gram* i M) at t^rap. 50° 0. [T]. 

, t cold ,, 60 „ jm] , l°C [fj. 

Final temper Arurc nftei mixing 20-5° 0. [0]. 

FaV of to»jjp. of hot water — T - 6 — 50 - 20'o = 29*5° C. 

Rite „ cold „ =6 - t = 20*5 - 1 = 19 - 5 ° 0 - 

A Heat lost by hot water = (T - tf) = 40 v 29*5--- llOO calories. 

,, gained by co Id ,, =m(d-t) —60x 19*5 - i 170 calories. 

Hence /approx.) 

heat lost bv k'd wa<er=r heef gain'd by cold water, 

<ind 

mass of hot water x fall in teup --map? of cold water x rise in temp., 
or Af(r-0) = n.(0-t). 


123. Capacity for Heat.. Repeat the last two experi¬ 
ments, but insteaJ oj cold mu- use cold methylated spirit or 
turpentine. The final teuip'-vatnre of the mixture is higher than 
when water was used as the cold body. Therefore less heat is 
required to raise one gia.ru if methylated spirits or turpentine 
1" G. than was required to raise the same weight of water 1" C. 
Their capacity for heat is less than that of water. 

Exp. To allow that different motal* have different capacities for 

beat. Small spheres of equal weight of Aluminium, Tron t Copper and Lead 
are suspended from a ring by fine wire and heated to 100° C. in boiling water. 
A thick sheet of was is placed ready at Hand, The metal spheres are quickly 
taken from the boiling water and placed on the wax. Their power of melting 
wax depends on their capacities for heat. Those named first sink greater 
distances into the wax than those occurring later in the list, showing that 
different metals vary in their capaoitiee for heat. 

Definition of Specific Heat. 

The specific heat of a substance is the ratio of the 
quantity of heat required to raise the temperature of a given mass 
of a substance through 1 * C. to the quantity of heat required to 
raise an equal mass of water through 1° C. 
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Specific Heat 

No. of heat units required to raise m grams of subst. 1* 0. 
No. of heat units required to raise m grams of water 1* C. 
«No. of calorlea required to raise 1 gram 

of the substance 1’ C. 
Therefore, if S = Specific Heat of a substance, 
i.e. S = no. of calories required to raise 1 gram of subst. 1* C., 
then 

S x m x t = no. of calories required to raise m grains of subst. t* C. 

124. The Calorimeter. 

Fig. 160 shows the apparatus in which observations in heat- 



Fig. 160. 


measurement are generally made. A small very light copper 
vessel called the calorimeter is placed on a perforated cork (non¬ 
conductor of heat; in a larger protecting vessel. A stand to which 
an accurate thermometer may bo fixed with a rubber band and a 
stirrer complete the apparatus. For method of using see § 125. 

The water equivalent of tlie calorimeter (w. s.) Is the mass of water 
which has the same capacity for heat as the calorimeter. Both water and 
calorimeter receive heal from the hoi body and therefore the w.a. mast he 
added to the mass of water in the calorimeter 1 . 

1 It is usual to weigh the copper tuner with the calorimeter, of whioh it 
is considered a part. 
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•Exp. To find the Water Equivalent of the Calorimeter (VJ.). 

(i) By calculation. 

11 f. is (he mass of the Calorimeter, 

and a „ Specific Heat of Us material, 

then w. e.=mit. 

(ii) By experiment. 

(1) Weigh the calorimeter ....... 20 grams. 

Pour about 60 gTams at cold water into tne ealorimetor. 

(2) Weigh tlie calorimeter and cold water....70 grams. 

(8) Note the temperature.......C. 

(0 Four in about 30 grains of hot water at .42-8° O. 

(6) Note the. temperature of the mixture ....„.25° C. 

(6) Weigh the oalorirnetor + mixture...1 (JO grams. 

Then 

heat given out by the hot voter= Wt. x Fall in temp. = 30 x 17'3 = 519 calories, 
„ taken m ,, cell ,, =Wt. x Rise in temp. = 50 x 10 = 500 oalories. 
A. Heat taken in by Calorimeter.^S19 - 600 = 19 calories, 

,V 19 calories raise the temp, of Calorimeter 10° C., 

1‘® ,* ,, t» »» 1° G-i 

f.e. 1-9 grams of water would be raised 1° C. by the calories which raise the 
temp, of the calorimeter 1° C. 

W.E. = X-9 (rrams. 


*125. Exp. To find the S.H. of Marble Chips by 
the method of mixtures. 


Observations. 

(1) Weigh some marble obipe ...«... .30 grams. 

(2) Weigh the calorimeter and Htlrrer (copper a. h. = 095) (/a) £5 grams. 

(3) Weigh the calorimeter and cold water . ..105 grams. 

Weight of water (m) .80 grams. 


Place the marble in a boiling tube and insert a thermo¬ 
meter; plug up the end of the tube with cotton wool 
and heat the tube in a beaker of boiling water until 


(4) The temperature (T) of the marble is steady 


.98° O. 
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(5) Observe the temperature (() of the eold water in calorimeter...IS” 0. 

Quickly taka the boiling tnba from the hot waler and 
remove the plug of cotton wool, allowing the marble 
to drop quietly into the calorimeter. Take care that 
no condensed steam drops into the calorimeter. Stir 
quickly and 


(6) Note the final temperature B ...2T2” 0. 

Then 

Heat Icit by Marble = Mass of Marble x its b.b. x fall in temperature, 

and 


Heat gained by Water i j'Mnss of Wafer x rise in femper«tuie + Mass 
+ heat gamed bj », of Calorimeter x its B. in xriie in tempeia- 
Caloinneter J v ture, 


M x a. n. x (T- d) = (m + p x 095) (B - f), 

X 30 x 8. a. x (98"-21 -2’) = (HO + 25x _ -0Wi) (21-3°-15°), 

... (80 + 2S* t o5.>} (21-2-15) . 

,\ a.H. of Maible=-- - ), —' - 0-23 Calorie 

oO x (08- 21 2) 


*126. To find the S.H. of Turpentine (assuming 
the S.H. of Copper to be -095) by the Method of 


Mixtures. 

Let s.h. = Specific Heat of Turpentine. 

Obsnt'ationi. 

(1) Weigh some dry copper riveti (s.n. -095 = tr) (if).100 grama 

(2) Weigh a calorimeter and stirrer (copper s.h. •095) = n .25 grams. 

X Water Equivalent of Calorimeter ( W) = ’095 x 25 = 2-275 grams. 

(3) Weigh calorimeter-f stirrer + cold turps.105 grams. 

x Weight of turps, (m).80 grams. 


Put the rivete in a boiling tube and insert a thermometer 
and plug of cotton wool, placing the tube in a beaker 
of boiling water until tbe 

(4) Temperature (T) of the rivets is steady...98° O. 

(5) Observe the temp, (t) of the cold turps, in Calorimeter .16° 0. 

Pour the rivets quickly into the turps, in the Calorimeter, 

(6) Stir well and note the final temperature (8) ..-_31° 0. 
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Then 


Heat lo*i by Itivcte- Mxo x {T 0)-=Mas« of ltivela > b.h. x fall. 


and 

He a t,a,n, d b,TurpB.-| /mx8 „ fMa^of Tu„, 

+ *** by H * IK > <„ <)} = { „ W&tor M 


Calorimeter 


m x 8.H. x nee 
quivalent x rise 


. 100 x *095 x (98— 81) = 80 a S-II. x (dl — 15)2*375 x (31 15), 

_ , n. 100 a *0 l Jo x 67 — 2’3"5 y 30 _ , 

B.H. of lurpeiitinu7= , - .=.<>•* 7 Calorie. 

bO x 16 


*127. To find the temperature of the Bunsen 
Flame by h^atin^ ;* bratm in it and iuuu* rsing in water. 

Hole T ih uukiiowu. Prnrmu us nrfoie 'xrtpl that the stirrer may be 
dispensed with. bu u p< nd tl e ■' *« ha’), which i use be previously weighed, 

by a thin brass w.re in liie liuiiHon t'aire tor Lyo minutes; then lower it 
quickly into the known w< i« r ln of wutei in tht calonm J.er. 01 serve M, in, W, 
t and # as m the previous E\p. and a^omne tout a. h. of brass— 004 (Calorie), 
then all values are known except T n» die equation 

094 d/ (T - 0).= (m-e K r ) (t t). 

*128. To find the S.K. of a li quid (say Glycerine) 
by the Method of Cooling*. 

(1) Weigh a calorimeter \‘20 grams). Put 50 c e. of glycerine into a 
beaker and heat it up to 5.5° C. Pour the givceime into toe cnlouineter and 
notice (Le time taken in cooling from .30° to 40° C (•>ay) Tq=196 aeca. 

(2) Woigii calorimeter + glycerine = bd grams. 

.. Wc. of 50 c.c. of glycermc-63 grams. 

Pour the glycerine into the store bnttl*, dry the calorimeter and place in 
it 60 c.c. of water at 55° C. Note the umt it tal.es to cool from 50 & to 40° C. 
(say) 2’jf=420 &eca. 

The conditions of cooling should be the same fo: 1 oth hqmds. 

Let s.n. —ep. ht. of glycerme. 

Then 

beat given out by the glycerine ]x.r s< c. 

Mrvefl x fall in temp. xr.h. . 

= ip Calories, 

J-' nit Ulycerine 

, Mass w x fall in Ump , , 

heat given out by the watci per b ec.— m Calories, 

T.rne water 
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and sine* the surfaoes exposed are equal in area for both and the eonditione 
are the same, the quantities of heat given ont per see. are equal. 

63 x 10 x g. h. 50x10 

196 iao - ' 

A 8. B.oiyoeriE« = 0-37 Caloria 


Table of Speelflo Hants. 


Alcohol '6 | 

Aluminium '91 
Brass '094 

Copper '095 


! Glass -16 

Glycerine -37 
Ioe ‘5 

Iron *114 


Marble •Vi 
Mercury -033 
Turpentine -47 
Water 100 


129. The high Specific Heat of the Oceans affects 
climate. 

From the above table we notice that water lias a much higher 
specific heat than any other substance. The capacity for heat of 
the oceans being so great, these large volumes of water take a 
long time to cool down if warm, or to be raised in temperature if 
cold. These facts have great influence on the climate of countries 
with an extended sea-board. The sea then is a vast receptacle 
for heat and tends to moderate the extremes of climate. The 
ocean currents from the tropics and from the polar regions, 
traversing wide rangos of the globe, cause variations of the 
climate for places of the same latitude. 


Examples XX a (Calorimetry), 

L Half a kilogram of water is heated from freezing point to boiling 
point. How many oalories are required? 

8. What weight of water would be heated 6-4" C. by 800 oaioriek ? 

3, How many oalories are required to raise the temperature of 80 gm. of 
water from 15° 0. to 95° K. f 
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4. Calculate the loss of heat in the following experiments when hot and 
eotd water is mixed: 



(<*) 

W 

Weight of calorimeter empty 

5 = 40 gm.’ 

22 gm. 

,, ,, and cold water 

= 90 gm. 

72 gm 

„ „ ,, mixed hot and cold water 

= 117 gm. 

130 gm. 

Temperature of cold water 

= 15“ C. 

15“ 0. 

hot ,, 

= 30° 0. 

34“ 0. 

„ mixture 

= 20° 0. 

25° 0. 


5. 60 gm. of water at 45 5° C. are mixed with 40 gm. of water at 12° C. 
Find temperature of mixture. 

6. If 40 lb. of hot water ar6 poured into 60 lb. of water at 10° 0. and the 
final temperature is 30° 0., what was the temperature of the hot water? 

7. How much water at 101° F. will be required to raise the temperature 
of 100 gru. of water from IS 1 ' C. to 25° C.? 

6. A can at 14° C. is filled with 100 gm. of water at 66° C. After 
stirring, the temperature ie 54° C. How much heat has passed into the can? 
How muoh heat would raise the can’s temperature 1' 0 '! How many grams 
of water would be raised 1° C. by the same amount of heai. ? 

9. 60 gm. of water at 59° F. are mixed with 60 gm. of water at 69° C. 
What is the temperature of the mixture? 

10. 40 gm. of water at 45° C. are poured into a calorimeter containing 
78 gm. of water at 15° 0. The temperature of the mixture is 25° C. How 
much heat has passed into the calorimeter? What ib its water-equivalent? 

11. A calorimeter of water-equivalent 3-5 gm. contains 4T6 gm. of water 
at 15° C.: 25 gin. of water at 50° C. are poured in. What is the final 
temperature ? 

12. A calorimeter of water-equivalent 4 gm. contains 50 gm. of water at 
16° C. How much water at 34“ C. must be poured in to raise the tempera¬ 
ture to 25° C. ? 


Examples XX b (Specific Heat). 

1. (a) How many calm ies are needed to raise the temperature of 100 gm. 
of copper from 15° C. to 95° C.? (6) What rise iu temperature is caused if 
60 gm. of copper receive 95 calories? (c) What weight of copper can be 
raised from 15° C. to 65“ C. by 3d0 calorieB? 


It. K. P. 


u 
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2. 20 gm, of oopper at 100" 0. are dropped into 30 4 gm. of water at 
16° 0. If the final temperature is 20° C. calculate the s. h. of ooppei. 

8 . 100 gm. of meroury at 100° 0. are poured into water at 16° C. and the 

final temperature is 20° 0. What was the weight of the water? 

4 . What will the final temperature be if SO gm. of tin (b.h. = -056) at 
100° 0. are mixed with 56 gm. of wator at 16° C.f 

8 . 600 gm. of copper are heated in a furnaoe and dropped into 1000 gm. 
of water at 15° C. If the mixture rises to 63° C. what was the temperature 
of the furnace? 

B. 260 gm. of lead (s. H. =-031) at 100° C. are poured into a calorimeter 
containing 120 gm. of water at 15" C. If the final temperature is 20° O. 
calculate tho water-equivalent of the calorimeter. 

7. If 40 gm. of copper at 10° C. are mixed with 40 gm. of turpentine 
(b.h. = -5) at 50° 0. what is the final temperature? 

8. A glass beaker weighing 52 gm. contains 60 gra. of water at 10° 0. 
Into it 90 5 gin. of glass beads at 98°0. are poured and the final temperature 
is 28° C. Calculate the a. a. of glass. 

9. A calorimeter of water-equivalent 3 gm. contains 62 gm. of water at 
14° 0. Into it 37-6 gm. of metal at 07° C. are poured. If the final tempera¬ 
ture 1 h 17° C. what is the specific heat of the metal? 

10. A charcoal button weighing 1 gm. is heated in the electrio are and 
when dropped into 50 gm. of water at 15° C. causes the temperature to rise 
to 28° 0. If the s.h. of charcoal is -19 what is the temperature of the arc? 

11. 60 gm. of lead (s. H. = -031) at 97° C. are poured into 76 gm. of alcohol 
at 14-5° C. contained in a calorimeter of water-equivalent 4 gm. The final 
temperature is 17° C. Calculate the specific heat of alcohol. 

12. Copper rivets weighing 24 gm. at 99° C. are poured into a copper 
calorimeter (weight = 20 gm.) containing 39-5 gm. of water at 4° C. If the 
temperature of the mixture is 9° IJ. what is the s a. of copper ? 



CHAPTER XXL 

CHANGE OF STATE. FUSION OR MELTING. 

130. Melting point. Let ns call to mind what happened 
when we determined the freezing point on the stem of a thermo¬ 
meter (§ 106). We surrounded the bulb with melting ice and 
allowed the wator to drain away. Heat was being added to the 
ice causing it to melt and yet the temperature rtf the ico was not 
raised above 0° 0. This change of state of a pure substance from 
solid to liquid takes place at a definite temperature which is called 
the melting point, so that many substances may be recognized 
by determining their melting points. 

"Exp. To find the Melting Point (M. P.) of Paraffin Wax (Tube 
Method). Draw out a jueoe ol glass tubing into a capillary tube’. Put a 
little wax into the wider part of ths tube, gently warm it so that it runs 
into the capillary tube, seal the end and attach the tube 
C to the stem of the Uemimueter T, as shown in Fig. 1G1, 
by rubber bands. The paraffin in P should be opposite 
the bulb B. flang the therm..meter on a retoit rtand ; 
pnt water and a stirrer S into the beaker and support 
the beakor by wire gauze on a ring of the retort stand. 

Heat the water gently, stirring at the same time. Find 
the melting point approximately; then allow the water 
to cool, stirring gently, and notice the temperature (i|°) 
accurately when a cloudiness first appears in P. Allow 
all the paraffin to solidify, then warm slowly again and 
accurately note the temperature (f,°) when the edge of 
the paraffin appears elear. Note that t t °>ti a . The 
mean ol t,* and t,° is the melting point, 

1 See Experimental Science, u, Chemistry, § 3. 
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131. ‘Exp. To find the temperature of solidifica¬ 
tion of a solid by a curve of cooling. 

About 20 grume of the substance are placed in & boiling tube which is 
clamped in position in the middle of a beaker containing a suitable liquid 
boiling at a considerably higher temperature than the m.p. of the solid; e.g, 
if the solid is paraffin wax l w. r. 55° C.), hers' i caz (m s 62' C.), or naphthalene 
(m p. 79° C.) the au;rouniimg liquid in thebe^fecr tdiouldbi uater if the m. p. 
Of sulphur 1 (m. p. 114° C.) were to be determined, the 11 bath ” may be sulphuric 
acid, but great care is required if the latter is used- A the; mometer ir placed in 
the melted substance, the source of beat ie removed an l the tcrujv future noted 
evpry minute, until solidification is complete. A curve— U mperafcnre/time— 
is plotted 13) which will show that at one period during the cooling the 
temperature remains constant; this ternprrature ie the solidifying point 
required. 

132. The Latent Heat of Fusion. 

We must next enquire more carefully into the quantity of 
heat required to melt ice without raising its temperature. What 
becomes of the heatt How much heat is required to melt a 
gram of icet The word “latent” means “hidden.” The heat 
that ie absorb**! by one gram of a body on melting without 
producing rise of temperature is called the latent heat of 
fusion, which in the case of ice is the, number of calories required 
to convert one gram of ice at 0’ C. to water at 0° G. 

# Exp. To And the Latent Heat of Fusion of Ire (— 7,), 

Weigh a calorimeter and stirrer. 7 6-38 grams. 

Half fill it with warm water at about 25° C. and weigh 
calorimeter, stirrer and water .IIG'44 grams. 

Wt. of wans water (JU) = 110-44- 76-36 = 40-03 grams. 

Note the temperature of the room ....16° C. 

and the temperature of the water (T°) .21-8° C. 

Obtain eome small pieces of ice, dry them on blotting paper and drop 
them with blotting paper “tongs” into the water until the temperature is 
ae many degrees below the temperature of the room aa the warm water was 
above it. Btir well until the ico is melted and note the temperature of the 
mixture (9) . 9° 0. 


* Sulphur sohdifiee at 120° 0. 
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131--133J Latent Heat, of Fusion 


Temperature of ice, t° ..0»C. 

IIim iii temp, of “ Ico Water ” —9° . . 0 ° c. 

Weigh the calorimeter, atirrer, water-)-'• Ice Water” .12314 grams. 

Wf. of ice (m) = 123 14 -116*44 = .6*7 grama. 

ball in tump, of warm waters T°- 0 J = 21*8 D - 9”= 13*8“ O. 

Then 


Heat taken in b\ Ice in melting and I _ jHeat given out by Warm Water 
by “ Ioe Water " m rising in temp. I ~ \ + Calorimeter (copper), 

ml.-t m& - M (T - S) + tur (T - f), 

C'7L-r G*7 x 9=^40 08 • 12-8 + ,7ir36 x 095 x 12-8), 
hence by calculation I. — B 1-48 calories, 

more accurately 

the Latent Heat of Vusic.n of Ice —70*07 calories. 

The fad that a considerable amount of heat is required to 
melt ice and aho that from ice-cold water much heat must be 
taken to convert it to ice, in nature causes ice to form slowly and 
melt slowly. If L were small, riveis, lakes and seas would be 
rapidly changing from ice to water and water to ice with conse¬ 
quent disastrous effects. It is easy now to understand why the 
presence of melting icebergs in the Nort.li Atlantic causes such 
cold winds and climate in the British Isles. 

133. Heat absorbed on dissolving certain crystals. 

When Ammonium Chloride (Sal Ammoniac), Ammonium 
Nitrate and some other substances are dissolved in water the 
temperature of the solution falls. ticat energy is absorbed when 
the crystals pass into the liquid state. 

*Exp. To find (u) the proportions 1 u which 8al Ammoniac 
dissolves in wafer In producing 1 the greatest absorption of heat, 
and (6) to calculate approximately the heat units absorbed. 

Into a weighed calorimeter put about 60 grains of water at the tempera¬ 
ture of the room Find the weight of the water. Gradually stir in with a 
thermometer finely l, round cr>Bial* of Sal Ammoniac, and note the lowest 
temperature obtain*d v-hen all the orj'-tah? are di8s*d\ed. Weigh the whole 
to find the weight of ory-U.s added. 
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Assume that the specific heat of Sal Ammoniao in solution ia the tame at 
that of water, and calculate the number of calorioe absorbed per gram of 
orystalt dissolved. 

134. Freezing Mixtures. 

Mixtures of Salt and Ice, of Sal Ammoniac and Ice, and of 
Ammonium Nitrate and Ice are freezing mixtures. The salts 
mentioned are very soluble in water—heat energy is absorbed 
when they pass into solution and also when the ice welts, conse¬ 
quently any other body near gives up its heat to effect these 
changes with a consequent reduction of its temperature. 

'Exp, Try the conditions and proportions most suitable to obtain the 
greatest reduction of temperature with any of the above freezing mixtures. 

Bap. To Bliow that heat 1* given out on Bolialltoatlon. 

The reverse process to that of S 133 may be shown by melting crystals 
of " hypo " (hyposulphite of soda) in a small flask, plugging the mouth with 
ootton wool to prevent the access of dust, and setting the flask aside to oool. 
When it is quite cold on inserting a thermometer and a small orjBlal of 
“ hypo,” the whole solution crystallizes oat and the thermometer shows a 
rise in temperature on solidification. 

136. Increase of Volume when Water freezes. 

1 c.c. of water at 0’ becomes 1’091 c.c. of ice at. O'. Great 
pressure is exerted by the ice if the change takes place in a 
confined space; water pipes and sf rong iron vessels are burst open. 
Pressure however lowers the freezing point but only to a 

slight extent. Tlus is evident when we 
remember how snow binds together 
and pieces of ice stick together when 
pressed provided their temperature is 
not much below O'. A stone placed 
on ice gradually sinks into it and a 
piece of wire, to which a heavy weight 
is attached, as in Fig. 162, will gradu¬ 
ally cut through the ice and yet leave 
•it intact, 11 nder the wire ice melts at 
increased pressure, above the wire it 


LExIjj 


$ 


Wire passing through ioe, 
Pig. lbs. 
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133-136j 

forms again as the pressure is reduced, consequently the wire 
travels through the ice in the direction of pressure. 


138. Ice Calorimeter. 



Black's calorimeter is the simplest (Fig. 163 o'). A smooth 
hole is bored in a block of ice and a 
slab of ice is placed to cover the hole 
which is wiped dry with a sponge. 

Suppose that we wish to find the 
specific heat of a piece of iron. The 
piece of iron is weighed ...SO grams. 

It is heated to 100“ C. in a sn.ira 
beater and quickly placed in the hole 
and covered by the slab. As the iron 
cools ice is melted, ic3 a . 

A dry sponge is weighed ...18 grams. 

The iron and the hole are wiped dry by the sponge and the 
latter is weighed again...25-2 grams. 

Weight of ice incited = .. 7’2 grams. 

If th<> latent heat of fusion of ice= .79 5 calories, 

Heat lost by the iron in cooling through 100° = 7'2 x 79’5 calories. 
.'. 50 grams of iron in cooling 100“ C. lost 7-2 x 79 5 calories, 

7-2x79-5 

•“ glam ” ” 1 ” 50x100 

= 0 - 114 calories. 

Specific Heat of Iron = 0114. 


I.a vainer anil Laplace’s ico calorimeter (Fig. 163 6) measures 
the quantity of heat in a body by measuring the weight of ice at 
0’ 0. "hieh is melted by the body. A small vessel A lor the 
reception of the hot. body is surrounded by a jacket £ containing 
ice, which is itself protected from radiation and air currents 
by a second jacket 0 containing ice. On introducing the hot 
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body into the inner vessel ice melts in the middle chamber £ and 
the water formed is collected and weighed ( m ). 

The number of Heat Units gained by the cold body = mL 

= Weight of Ice melted (grams) x Latent Heat of Fusion of Ice. 
If M = mass of hot body, S = its Specific Heat and <* 0. = its 
temp, when placed in the calorimeter, then 
the number of Heat Units lost by the hot body = MSt 

= the number of Heat Units gained by the cold body — mL, 




Fig. 163 6. Fig. 164. 


Bunsen's Ice Calorimeter. Use is made of the fact that there 
is a change in volume when ice melts. The hot body is intro¬ 
duced into a tube B (Fig. 164) surrounded by solid ice and water 
A contained in a closed vessel which is connected with a gauge 
DE which shows change of volume. Knowing that 1'09 c.c. of 
ice become 1 c.c. of water, we can calculate the weight of ice 
melted ( m ) from the change in volume registered by the gauge. 
Then 

mL = calories lost by the hot body 
~MSt, 


mL . 

= ... as above. 

Mt 


For details see Appendix, p. 258 b. 
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136 ] Examples (Latent Heat of Fusion) 

Examples XXI (Intent Heat ov Fusion). 

1. How many grams of ice can he melted by 400 calories? (Latent 
heat of fusion = 80.) 

2. How many oalories would be ueedod to melt 20 gm. of iee and raise 
the temperature of the melted iee to 16 J U.? 

8. If the specific heat of ice is 0*5, how many calories will he required 
to change 10 gm. of ioe at - 20° C. to water at !>• C. ? 

4. How many grams of boiling water will be meded to ;ust molt 1 kgm. 
of ice ? 

5. If 2 gm. of ice receive 200 caloties, w. at will the final temperature 

be? 


6. How much ic" at 0° C. moat be put into 60 gn.>. of water at 40° C. to 
reduce the temperature to 0 s C. ? 

7. What weight of ioe st (1° C. mast he ad led to 50 gms. of water at 
100° C. to reduce the temperature to 20“ C. ? 

8. If 6 gm. of ioe at 0° 0. are added to 80 gm. of water at 50° C. , what is 
the final temperature? 

9. 6 gm. of ioe at 0' C. are dropped into 21 21 gm of water at 25° C. 
and the final temperature is o' G. What is the latent beat of fusion of ioe? 

10. 20 gm. of ioe at 0° 0. aro mined with 40 gm, of boiling water and the 
temperature is 40° 0. when all the ioe has melted. Calculate the latent 
heat of water. 

11. A calorimeter, whose water-equivalent is 4 gm., contains 51 gm. of 
water at 24“ C. How much ioe must be added to reduce the temperature to 
8° 0. when it has all melted ? 

12. Calculate the latent heat of water from the following data: weight 
of copper calorimeter = 40 gm.: calorimeter and warm water = 90 gm.: 
calorimeter, water and loe = 9figm. : temperature of warm water = 20°C.: 
final temperature = 10° C. (b.h. of copper = 0*l.) 

18. 80 gm. of copper (s. a. *095) are heated to 100° C. and then plaoed 
in a oavity in a block of ice. How muoh ice will be melted ? 

14. How much heat is required to raise 100 gm. oi tm from 12° C. to its 
melting-point, 232 ° C., and to melt it. (n. e. of fusion = 14*25.) 
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15. If 8 gm. of ic« are added to SO gm. of boiling water, what will be 
the 1 faulting temperature? 

16. If 5 gm. of ioe melt, what change In volume takes place? 

17. Calculate the latent heat of fusion of ice from the following:— 
weight of copper calorimeter = 50 gm. : oatorimeter and water = 72 gm.: 
calorimeter, water and ice = 75 gm.: original temperature = 20° C.: final 
temperature=10° C. (s.n. of oopper = 0-l.) 

18. A platinum ball weighing 40 gm. (b. b. - 03) is heated in a BunBen 
Same and then placed in an ice-calorimeter. It 15 gm. of ioe are melted, 
what was the temperature of the dame? 

19. How much heat in required to raise 50 gm. of zino from 22° C. to its 
melting point, 422° C., and to melt it? (s.B. of aino=-096 : latent heat of 
fusion=2813.) 

20. What will be the final temperature if 10 gm. of ice at - 4° 0. are 
mixed with 90 gm. of water at 30° C. ? 

21. How much heat tuual be passed into a mixture of ioe and water to 
cause a decrease in volume of 1 o.o. t 



CHAPTER XXII. 


CHANGE OF STATE. VAPORIZATION. 

137. Evaporation and Boiling . 

We are familiar with the fact that liquids exposed to ait 
evaporate: ponds and puddles dry up, muddy roads become hard 
and dusty, wet clothes are dried in the wind and sun or before 
the fire. Wo notice that evaporation is aided (1) when heat is 
supplied, (2) when the process takes place in a draught Let us 
investigate the conditions and try to find whether there is any 
analogy’(a) between evaporation and boiling, (6) between the 
processes and the change from solid to liquid where an absorption 
of heat energy occurred. 

*Bxp. i. Weigh an evaporating dish about halt-full of water (tr). 
(u) Warm it to 60° C. on a (and bath and let it remain at this temperature 
for 10 minutea and weigh again (u?,): (M oontinue to keep it at 60“ 0. but 
keep a constant draught aoross the ourfaoe by blowing for 10 minutes; 
weigh again (tcj): (c) increase the heat and keeping the temperature at 80“ 
for 10 minutes under the same conditions as ( b ) weigh again (u>,). It will 
be found that (u> s - uj,)> (w, - u> s ) > (ir - u>,). It is unnecessary to raise the 
water to the boiling point (100“ C.l and repeat the weighings, because 
experience tells us the evaporation is greatly aided by boiliDg. 

'Exp. ii. Transfer the hot water to a lla.sk or beaker and boil it. 
Notice that bubbles of gas appear ou the hot sides of the vessel which at first 
condense as they pass through the cooler layers of liquid but later they rise to 
the surface and pass off as vapour. These bubbles are gaieout water, steam, 
which condenses aud becomes visible as minute drops of water in the clouds 
of eo-callod “ steam'’ which rise from the auiface. 
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From these two experiments we learn that evaporation is 
aided (1) by heating and (2; by removing the vapour above the 
surface by a draught. We also see the distinction between 
evaporation and boiling, viz. that in the former the change from 
liquid to gas takes place at various temperatures from the surface 
only, while the liquid is apparently still, whereas, in boiling, on 
applying more heat the temperature is not raised above a fixed 
point (water 100* C.) called the boiling point and the change 
from liquid to gas occurs throughout the liquid, the gas passing 
through the liquid and escaping. Notice the analogy between 
boiling and melting as regards the temperature remaining un¬ 
changed although heat is applied (*' Latent Heat,” §•) 132, 139). 

Distillation, Condensation and Liebig’s Condenser 

(see Exp. Science, ij, Cheiu>tiy, i 17). 

138. *Exp. To find the Boiling Point of various 
liquids. 

(i) Bther. Place about 10 c.c. of ether in a smalt flask fitted with a oork 
through which are inserted a thermometer and.a delivery 
tube (Fu|. 165). The thermometer bulb must nut bo iD 
tho liiji id. Put the flask and ether 1 aside. Warm some 
[wat.'i in a beaker to about 60° C. and put out the flame, 
ipold the flask in the water and thui boil the ether. 
iTake the temperature when it becomes constant at the 
b. e. Cool the flask under the tap and put back the 
ether into the store bottle before lighting the flame 
again. 

(ii) Alcohol. (Use methylated spirits.) Repeat 
the abo>o Kip. with alcohol 1 , bui keep a small flame 
under the beaker. The water should be heated until the 
alcohol begins to bubble frothy. 

Note. In both these experiments the hypiometer 

(S 106) may be substituted for the flask shown in 

Pig. 165. Fig 166 

; # 1 Ether vapour arid alcohol vapo are highly inflammable f therefore the 

J I and of the delivery tube should be kepi away from a flame. 
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139. To find the Latent Heat of Vaporization 


(steam) L- 

(1) Weigh an empty ca.i< i ^ r t _ tlnr vit'i a ’burt puce of 
copper tubinq (it) 87-6S grams. 

Fill the c&lonmetcr about > ir» i t 11 ‘ ta tub o’ vt»ti r l 
( 2 ) We.gh "aloimioter-i-tu ; t » ‘r 103 47 grams. 

(N B. Do l iut thi v pper t it * t i 

f» v,*.t ei is 104*06 grams. 


V 



lif iOt» 


Clamp a wide gln.«s tube ATI (l ig 166} in f» reto-t stand and fit a rubber 
cork, with two holes, at B Thi »n^h one of this? K oles a dfhtery tube for 
steam passes fr< m the >oiler Half tr ty through tne other hole a long glass 
tube EF passes, so that when inquired, the rapes’- tube can be fitted into the 
tame hole, the copper and the gha-s tube fcnu« mcein.g half way through the 
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oork. Remove the cork at A and p*BS steam through the wider tube to heat 
it thoroughly; place the calorimeter underneath it. Fix the copper tube in 
the rubber oork as explained, so that it dip* under the water (see Fig. 166) 

and note the temperature, t® ...18-3° C. 

Close A with a oork—the steam now passes at 100° 0. into the calorimeter 
Let the temperature of the water riee to about 40° C., then remove the oork 
at A, and, with a pair of crucible tongB, draw the copper tube out of the 
rubber oork, and plaoe it gently in the calorimeter. Stir with the theirao- 

meter and note tbo highest temperature (0) .40-06° C 

Weigh the calorimeter and content! immediately to prevent loss of weight 
by evaporation.196-71 grams. 

A Wt. of condensed tteam [M j= (196-71 - 192 -57) = 4-14 grams. 
The rite in temperature o! cold water (ff - t) =40-06 -18-3 = 81-76° c. 
„ fall „ „ condensed steam (T - $) = 100 - 4006 =69-94° C. 


Heat given out by steam in con¬ 
densing+oondensed steam in 
ooolmg 



Heat absorbed by water + calorimeter 
and tube in rising in temp. 


Mx £, + M{T-9) = m[B-t) + /ia (0-t), 

4- 14/,+ (414 x 59-94) = (104-95 x 21-76) + (87 62 x -095 x 21-76), 
£ = 636 calories (approx ). 

Careful experiment has shown tnat 840 co'iories arc required to convert 
1 gram of water at 100° C. to steam at 100° C., hence 


the latent heat of steam = 840 calories. 


The latent heat of vaporization of alcohol is 202, of ether 90, and of 
sulphur 362. It is therefore evident that in order to convert a liquid to gai 
heat energy mutt be lupplied. It then we cause some liquid to evaporate 
either by reducing the pressure above it or by blowing dry sir over or through 
it heat energy will be absorbed either from the BUnoumling objects or from 
the liquid itself. 


140. Exp. i. To show that when a liquid is made 
to evaporate, without supplying it with heat, its tempera¬ 
ture falls. 

Pour a few drops of water on the bench, place a thin metal calorimeter 
containing a few o.o. of ether on the email pool of w„ter, and cause the ether 
to evaporate rapidly by blowing air from the bellows through the ether. A 
temperature of - 15° to - 20° C. may be obtained and the water will be frozen, 
causing the beaker to stick to the bench. 
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139-140] Freezing by Evaporation 

Exp. ii. To tree** inter by its own evaporation. 

Evaporation may be made rapid by reducing the pleasure. Under the 
glass receiver of an air pomp (Fig. 167) place a 
dish A containing glass wool or asbestos fibre on 
whioh concentrated sulphuric aoid has been 
poured; a large surface of aoid will thus be 
exposed. Sulphuric aoid absorbs moisture very 
readily. On a glass tripod over the dish put a 
clock glass (B) containing a few c.c. of previously 
cooled water. Set the pump working. The 
water vapour liberated will be removed imme¬ 
diately by the acid and evaporation will be so 
rapid that the water in B freezes. 

Exp. ill. Wollaston's Cryophorna is made as follows. 

A glass tube is blown with Uo bulbs A and U (Fig. 168), A being drawn 
out into a capillary tube. The bulb B is then half filled with water by the 
same method as was used to fill a thermometer {§ 105). The water in B is 
then boiled and when all air has heen expelled the capillary tube at the end 






Fig. 168. 




"v 


of A is sealed off. The two bulbs and tnbe now contain water and water 
vapour only: the pressure of the air being removed there is almost s vacuum 
inside the apparatus. The water having been transferred to the bulb A, it is 
cooled down by means of a freezing mixture to, say, 4° C. The bulb B is 
now placed in the freezing mixture so that the water vapour at that end of 
the tube is condensed; this reduces the pressure still further so that the 
water in A rapidly evaporates until its temperature is so reduced that a crust 
of ice begins to form or. its surface. 


Freezing machines. 

On this principle, freezing machines are made. Liquefied 
ammonia is generally employed. The hollow walls of a chamber 
are partly filled with liquid ammonia under pressure. A double 
pump, vacuum and condensing, redures the pressure above the 
ammonia, and causes it to evaporate : consequently heat is removed 
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, from the chamber. On the other side of the pump a vossel, cooled 
with running water, receives and condenses the ammonia gas as 
it is pumped in under pressure. Here is a good instance showing 
the principle of the Conservation of Energy—that energy 
cannot be created or destroyed, it can only be transformed. 

(1) Work is done by the liquid in evaporating, heat must there¬ 
fore be supplied from itself and the surrounding chamber 

(2) Work is done on the gas in compressing it, heat is therefore 
developed and is removed by the cooling stream of water 
surrounding the condensing chamber. 


Examples XXII (Latent Heat op Vaporization). 

X. If 1310 oaloiiea convert 2-6 gm. oi water at 100° C. into steam, what 
is the latent heat ol steam? 

2. How much heat will bo needed to convert 5 gm. o! water at 100° O. 
into steam? (n.a. = 5ilb.) 

3. How many grams ol water at 100° C. oan be vaporized by 
6700 calories ? 

4. How many calories ere required to convert 50 gm. of water at 10° C. 
into steam? 

6. What quantity of water can bo raised from freezing point to boiling 
polDt by the condensation of 10 gm. of steam? 

6. How much steam must be pass'd into 67 gm. of water at 12° 0. to 
raise the temperature to bolting point? 

7. If 936 calories pats into 5 gm. oi water a! 20° C., how muob of the 
water will be vaporized I 

8. What will he the final temperature if 2 gm. of steam are passed into 
38 gm. of water at 10 ° C. ? 

9. What rise in temperature is caused by passing 20 gm. of steam into 
a litro of water at 0“ 0.? 

10. Calculate the latent heat of eleam if 3 gm. of steam passed into 
91 gm. of water at 10’ 0. raise the temperature to 30° 0. 
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11. S gm. of steam are passed into 57-6 gm. of water at 10° 0. contained 
In a calorimeter of water-equivalent 8 gm. If the final temperature is 80° 0., 
what is the latent heat of steam ? 

12. Calculate the latent heat of steam from the following data: Weight 
of oopper calorimeter=40 gm.; calorimeter and water= 90 gm.; oalorimeter, 
water and oondensed steam = 91-62 gm.; temperature of oold water = 18“ O.J 
temperature after passing in steam = 36° C. (a. H. of copper 0*1.) 

13. flow many calories will be evolved if 10 gm. of Bteam at 100“ 0. are 
changed into ice at 0° C. 1 

14. How much heat will be required to change 10 gm. of ice at -10° C. 
Into steam at 100° C. ? (e.H. of ice 0-5.) 

16. If 2 gm. of steam are passed into 8 gm. of ice at 0° G., what will be 
the final temperature? 

16. Calculate the latent heat of steam from the following: Weight of 
copper calorimeter = 40 gm.; calorimeter and water = 121 gm.; calorimeter, 
water and oondensed steam = 123-6 gm.; temperature of cold water=10° 0.; 
final temperature = 28° C. (a. H. of copper 0-1.) 

17. How much heat will be evolved if 10 gm. of aloohol vapour condense 
and the liquid falls to 18° 0. ? (b. p. of alcohol =■ 78“ O.; e.H. = -616; l. b. of 
vaporization = 202.) 

18. If 6 gm. of steam are passed into 10 gm. of ice and 66 gm. of water, 
what is the final temperature ? 

19. 7 gm. of ice float in water in a calorimeter of thermal capacity 
5 calories. If 4-6 gm. of steam raise the temperature to 60° C., how mnoh 
water was there in the calorimeter 1 



CHAPTER XXIII. 

VAPOUR PRESSURE. WATER VAPOUR IN TUB 
ATMOSPHERE. 

141. Vapour Pressures of Liquids. 

We have found that a liquid evaporates more readily 
(a) when heat is applied, (6) when the vajiour 
above the liquid is removed, and (c) when the 
pressure is reduced. It is therefore natural to 
suppose that the molecules leaving the liquid 
exert pressure as gases m general do, and that 
this vapour pressure as it is called varies 
with the temperature. 

Exp. To show that water, alcohol and ether 
have different vapour pressures. 

Four dr} barometer tubes are filled with mercury 
(Fig. 169) and inverted in a bowl of mercury as de¬ 
scribed in § 57, Eip. vu (fc). The barometer columns 
formed should all stand at the same height (say 
760 mm.) Each tube is fitted with a funnel and tap at 
the top. Tube B marks the height of the barometer; 
into the funnel of W water is poured, alcohol into .4 and 
etlier into E. The taps, which should have previously 
been turned off with the hole in their plugs filled with 
mercury, are now carefully turned until a few drops of 
tig. 169. the liquids are drawn into the tubes and evaporate into 

the vacuum. If the temperature of the room is 16 c C , the column containing 
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water drops about IS mm., that containing alcohol about 80 mm. and that 
containing ether about 430 mm. These numbers rnea'-ure the vapour 
pressures respectively. 

To show that the vapour pressure Increases when the temperature 
rises, very slightly warm the tubes by bringing a flame or a hot body near 
the liquids iu the tubes. An immediate fall of the oolumn of mercury is 
avideul. 


142. To determine the vapour pressure of a 
liquid at various temperatures 

About the year 1850 Begnault, a French 
physicist, accurately determined the vapour 
pressure of water. One of his method? is 
shown in Fig. 170. Two barometers AB 
and C'D are erected and the upper part 
surrounded by a glass reservoir in which 
water at various temperatures may be 
placed. By means of a curved glass 
pipotte, a few drops of water are intro¬ 
duced at the bottom of the tube AB. The 
water rises and evaporates into the vacuum, 
sufficient water being present to provide a 
layer of the liquid above the mercury. '1 he 
depression of the mercury gives the vapour 
pressure at the particular temperature 
nrider observation: when the level of the mercury has become 
stationary, the space at the top of the column is said to be 
<.vtu rated with aqueou* vapour, and the pressure due 
to the vapour present is then at a maximum. Air at this 
temperature cannot hold more vapour [see Dew Point, 
§ 146 ]. 

Ix. From the following result* obtained by Regnanlt, plot a curve 
on squared paper showing the increase of vapour pressure with the 
temperature in a space saturated with aqueous vapour [maximum vapour 
p r enure}. 



16—2 
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Temp. 

0 C. 

1 Max. 

| Vap. 

| Press, mm 
■ mercury 

!L 

i 

! 

i 

| p mm. 

, mercury 

| 

t° 0. 

p rnm 
mercury 

t° c. 

p mm. i 

mercury 

| 

0 

4 8 

21* 

i 2% 

1 17-4 | 

70 

233 

99 

733 1 

6 

j 6 5 

, 23-P li 

80 

855 

100 

760 I 

8 

1 e a 

1| so 

1 81 6 | 

90 

625 

101 


11 

j 9 * 

l| M 

1 91 0 ‘ 

95 

634 

! 102 

eu> ! 

IS 

! 12 7 

|> 60 

| 118-9 : 

98 

707 

103 

8 15 ! 

i 


N.B. The vapour pressures the higher temperature* given in the 
ftbove table were obtained by the method of $ 144. 


143 Exp. L To show the Increase of aqueous 
vapour pressure with rising tem¬ 
perature until the boiling point is 
reached when the vapour pressure 
= the pressure of the atmosphere. 

A baroruetei with water in the vacuum space Is 
set up an m the last experiment but the tube is 
completely suriounded with a jacket, Fig. 171, 
through which water is passed, the temperature 
being gradually raised until it reaches about 90° C.. 
when the water is run out and steam at 100° 0 is 
parsed in. The mercury oolumn gradually fab* 
according to the pressure and temp" 1 ature given 
Id the tab'e of the last exorcise, until the boiling 
point is reached, when the mercury inside the 
column is at the same level as that in the trough. 

Exp. it. (a) To allow tint when a HqnM 
boils its vapour pressure equals the pressure 
Fig. 171. of the atmosphere above It; (/) to find tlie B.P. 

of aloohol by the method of this experiment. 

(a) A J-tabe ABC olosed at C contains the liquid (in this cam water; 
and mercury (Fig. 172). The tube is first filled with mercury, oloeed with 
the thumb and inverted several times to remove air bubbles. A small 
quantity of boiled water is poured on to the mercury at A until the tube i* 






229 


142-143] Vapour Pressure at B.P. 

full of water and mercury. The tube is then cloBed with the thumb and 
inverted until a small quantity of water passes into the short arm, when 
mercury is poured out of A until the level at B is below that of C as shown 
in the diagram. The J tube is then heated in a Sash by the steam from 
boiling water when the mercury falls to the mine level on both Bidet of the 
tube, showing that the vapour pressure in C at the b. p. = the pressure of the 
atmosphere. 

(b) Introduoe alcohol into C (in«tead of water) by the same method; 
place the tube in warm water and g aduaily raise the temperature until the 
mercury is at the same level on both sideB. Note this temperature, whiohis 
the b.p. of alcohol. Explain why. 




'Exp. Franklin's experiment of boiling water at reduced 
pressure. 

Bob water in a round bottomed flask, and while i : is still boiling put in a 
tightly fitting rubber cork, at the tame time removing the flame. Cool the 
flask by blowing on it; the water continues to boil. Invert the flask as 
shown in Fig. 173, and oooi it with water. The bcilmg continues, but 
finally ceases when the water inside is quite cold. Explain the reasons for 
this ourious behaviour. 
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144. Exp. Regnault’s second method of finding 
the vapour pressure at various temperatures. 

Sot np a retort If 7 or a distilling flask (Fig. 174) in connection with an air 
pomp. A thermometer T is inserted into the boiler. By a T-tube, a trap 
for catohing condensed steam and a pressure gauge LH is fitted to the 
apparatus. Let the height of the barometer be If = 760 mm. Heat the 
water W’ until it nearly boils, then turn the flame low and set the vacuum 
pump to work. Tne mercury rises in the gauge to a height h — tay 221 min 



when the water begins to boil, the temperature being 90° 0. The aqueous 
vapour pressure then equals the pressure on the surface of the liquid, =■ the 
pressure inside the tube at L - pre*sure at If - pressure due to A=760- 225 
= 525 mm. (cf. table in F,i , fj 142). Lower the flame still further. The b v 
tails and the oolumn LH rises. Note h when T registers 80 a C. ft = 405 mm 
Therefore pressure = 760 - 405 = 355 mm. Since water boils at 80° C. when 
the pressure on its surface is 355 mm., the vapour pressure of water at 80 a C. 
must equal 855 mm. 

Owing to the irregular action of the air pump a more elaborate piece of 
apparatus constructed on the same principle may be employed (Fig. 175) 
The flask W and the thermometer T are similar to the retort shown in 
Fig. 174. A Liebig’s condenser C ie plaoed in a sloping position so that th“ 
water distilling over runs back into b\ A Bunsen’s vacuum pump /’ . > 
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connected (a) to the flask by a tap E, (ft) to a large air flask F, whioh 
prevents the pressure from changing rapidly and (e) with a pressure gauge O 
which is filled with a moveable reservoir 72 whereby the readings on the 
scale may be readily adjusted. A 8 way tap at D connects with the 
atmosphere If necessary or cuts of? the pump if pressures above that of the 



Fig. 176. 


atmosphere are required, in whioh case 72 must be raised until the level L 
is brought to the bottom of the scale The difference in level, A, must then 
be added to the pressure of the atmosphere (77) In the diagram however the 
pre .sure m W a-id F= H - h | the water in W is therefore boiling below 
100° C. at reduced pressure. 

*Hxp. To find tlie Bolling Point error oi a Thermometer - 

The B r. of w itt-r is 100° C when the Barcmetrio Pressure = 700 mm. 
A difference of ‘76 8 mm in pressure causeB a change m the B P. of 1° 0. (at 
or near 100° C ) 

Bead ttie barometer and ealci late the true temperature (f ( ) of the steam 
from water boiling at trie aotual atmospherio pressure 

Find prartie illy (us. ig a liypFumcter) the temperature of the steam (t°). 

Then t,°-t‘ > =the Boning Point Error of the Thermometer. 
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Correction In volume for moist gases. 

Towards the beginning of last century John Dalton discovered 
and formulated the Laws of Partial Pressures in a mixture of 
gases. He showed that each gaa exerts its own pressure in 
proportion to the volume present, provided that the gases have no 
chemical action on each other, and that the total pressure is the 
sum of the partial pressures. Thus the pressure which each gas 
exerts is the same as if it alone were occupying the space. 

An example is given in Exp. Sc. II, Chemistry, § 9. If 
1000 c.c. of a gas were collected over water at say 20* O. and 
760 mm. pressure, the space being saturated with aqueous 
vapour, the pressure due to the gas alone is not 760 mm., but 
760 mm.— the maximum aqueous vapour pressure at 20" = 760 
— 17'4 = 742’6 mm. (see table, § 142). The corrected and actual 

volume of dry gas at 20* C. and 760 mm. = ^0^0^742 6 __ ^ 

145. Aqueoua vapour in the Atmosphere. 

Very little proof is required that there is water vapour in the 
air. We need only to remind ourselves of the formation of dew, 
of clouds, of mist, of fog, and of rain—that moisture deposits on 
the cold windows and walls of hot rooms and on cool objects such 
as a glass containing cold water. 

Hygrometry is the part of physics which deals with the 
measurement of water vapour in the air. 



Wit- 178. 
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Chemical Hygrometer. 

■aqp- To And till weight of water vapour in a gives volume of air. 

Fig. 176 shows the apparatus used. A i§ a la*go vessel, called an 
#«piru<or, which contains about 10 litres of water, which ib slowly siphoned 
out of the vessel, air being drawn in through the tubes D f C and B to take 
the place of the volnms of water (V litres) lemoved. The U-tubes D and 0 
are filled with lu^ed oaloium chloride which absorbs water vapour and are 
weighed before and *fter the experiment, the increase in weight being the 
weight of water vapour contained in V litres of air. The tube B contains 
bead-* moistened with concentrated sulphuric acid which absorbs any water 
vapour which might diffuse back from A into the weighed U-tubes. 

146. Dew Point and Relative Humidity . 

In the experiment of § 141 a liquid is evaporated into the 
vacuum of a barometer tube. We noticed that at a particular 
temperature there was a definite depression of the mercury 
column. The space became full of vapour—it was saturated. 
A rise in temperature caused further evaporation to take place 
and again the space became saturated with vapour at a greater 
vapour pressure. On the other hand, less vapour pressure was 
required for saturation when the temperature was lowered, and 
some of the vapour condensed to increase the liquid standing on 
the top of the mercury So in nature, warm air requires a 
greater vapour pressure to saturate it with moisture and cool air 
less. If the air is saturated with aqueous vapour, a fall in 
temperature causes moisture to be deposited; on the other hand, 
if the temperature is raised the air is not saturated until more 
evaporation baa taken place and the vapour pressure iB increased. 

If the air is not saturated at a given temperature, say t‘, but 
on cooling it to say t D ‘ moisture begins to deposit, i.e. the air is 
saturated at t D ', this temperature is called the Dew Point. 

The Dew Point then is the temperature at which the water 
vapour actually present in tha air saturates it. We have there¬ 
fore only to read from Regnault’s tables (§ 142) the maximum 
aqueous vapour pressure at the dew point (tp) in order to obtain 
the pressure of vapour actually present at 1°. 
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The Ratio 

actual pressure of aqueous vapour at t‘ 
maximum pressure of aqueous vapour at t* 
is o4 ^Relative Humidity 

i k ‘' maximum vapour pressure at dew point 
> bytsi&um vapour pressure at temperature of atmosphere 
mass of water vapour actually present 
mass of water vapoqr when same volume of air Is saturated 

(approx.). 


The wetness or dryness of the air therefore depends on the 
value of this ratio and not on the actual mass of water vapour 
present. For instance, since warm air is capable of holding 
more aqueous vapour than cold air, volume for volume, the 
addition of a certain amount of moisture sufficient to saturate 



cold air would not necessarily saturate 
warm air, although the actual amount of 
moisture present in the warm air might be 
greater than that present in the cold air. 
The "degree of dampness" of the air 
depends on the quantity of moisture 
which it can still take up before it is 
saturated and on the number of degrees 
it must be cooled before the vapour 
actually present saturates it. 

147. *Exp. To find the Dew 
Point. 

(1) Begn&ult’a Hygrometer. A thin 

silvered test tube (Fig. 177) is fitted with a cork 
through whioh paea a sensitive thermometer 
and two tubes, one of which passes to the 
bottom of the test tube. Ether u placed in 
the test tube and air is bubbled through it by 
the longer of the two tubes. The shorter tube 


Fig. 177. la attaohed to an aspirator. The temperatnra 
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f&Ua as the ether evaporates, and is noted when a deposit of dew is formed 
on the silvered surface—this temperature is the devr point. 


(2) Metal Cnp Hygrometer. The method is similar to (1), hut water 
is placed in a highly polished metal cup a no cooled by the addition of small 
pieces of ice. The watur is stirred and the tempers Lure noted when a 
deposit of dew appears. Care should be taken not to breathe on the oup. 

Temp, of air 15° 0. I Max. Yap. Press, at 15° C. = 12 7 mm. 

Dew point 5° C. | „ „ 6° 0. = 6-6 mm. 


jl. 


Lteh Humidity= 


Actual Vap. Press at 15° 0. 
Max. Yap. Press, at 15“ 0. 


Max. Yap. Piess. et 5“ C. _ 8 5 
Max. Vap. Piess. at 15° C — 12 7 


Dine’* Hygrometer (Fig. 178 o). Water cooled with ice 
is stored in a box (B) and passes in h stream regulated by a tap 
(S ) through a space containing a thermometer {TT) The bulb 
of the thermometer is placed under a piece of blackened glass (0) 
wljich forms part of the u| per wall of the apace. When a 
deposit of dew first appears on the plate ( G ), the temperature ((,’) 
is noted and the stream of water ib stepped. The temperature is 


again taken when the dew disappears (.'/). 

dew point. 


Then 


. « . a 

t, + f. 


is the 



Fig. ITS a. 


Fig. 178 5. 
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Daniell’i Hygrometer is shown in Fig. 178 b. It consists 
of ft Wollaston Cryophorus containing ether instead of water. 
The bulb A is silvered or gilt within and contains ft thermometer. 
The bulb B is covered with muslin over which ether is dropped. 
This ether evaporates and there is a consequent cooling of the 
bulb B. Evaporation takes place from A into B (§ 140) ami A 
becomes colder until the dew point is reached, when the polished 
surface of A becomes dulled. 

MaBon’s Hygrometer, shown in Fig. 179, is also called the 
wet- and dry -bulb thermometer. A s 
bulb is kept moist by lamp wick dipping 
into a cup of water. Evaporation into the 
atmosphere cools A. If the atmosphere is 
very dry the temperature of A will be 
several degrees below that registered by 
B, which is the actual temperature of the 
air. A set of bygrometric tables have 
been drawn up for ubc with the hygro¬ 
meter, in which opposite to each degiee 
of temperature registered by the dry 
bulb the pressure of aqueous vapour is 
recorded according to the number of 

degrees difference between the readings 
of the web- and dry-bulb thormo- 

Fig. 179. meters. 

Example. Beading of dry bulb 15° C 

„ .. n* c 

From the tables the pressure of aqueous rapour at 15° 0. for t difference 
of 4° 0. between wet- and dry-bn!b thermometers is 7-4 mm. 

.• Bel. Humidity =■ -0 58. 

148. Clouds. The prevailing winds in the British Isles 
are irom the south-west. The moisture-laden aii warmed through 
its contact with the drift current from the Gulf Stream is cooled 
owing to several causes. (1) The air is moving from warmer to 


Difference 4 C 0. 





Clouds, Mist, Dew 
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colder latitudes ; (2) it strikes the land which by night, at least, 
is colder than the sea; (3) it is forced np into higher and colder 
altitudes, and (4) as it rises it expands and consequently cools. 

Moist air in contact with the earth on being warmed by the 
sun rises, warm air being less dense than cold air. The water 
vapour contained in the air tends to condense in the form of 
cloud for reasons (3) and (4) given above. The minute drops 
run together and fall as rain, which may rear-h the ground or it 
may pass through warmer or drier layers of air and completely 
evaporate in its descent. 

Hail is frozen rain, hut its exact mode of formation is 
uncertain. It is supposed to come from great heights. Snow 
is the result of a deposit of moisture taking place at a temperature 
below 0' C. 

Mist is the formation of cloud in a valley, or on the ground. 
It usually occurs in still air over lakes, rivers or marshes which 
have been warmed during the day. Tho air above them is 
charged with water vapour which condenses as the sun goes 
down. Fog is mist where each little globule of waler has formed 
around a particle of dust or soot as a nucleus. 

Dew is a deposit of moisture on objects, cooled by radiation, 
during clear still nights. The moisture comes in part from tho 
atmosphere and in part from vegetation and the damp ground 
beneath. When rapid radiation has cooled the air below 0* C., 
condensation takes place directly from vapour into ice, without 
the intermediate watery stage, and hoar frost or rime results. 


Examples XXIII a (Vapouk Phkssuuk). 

1. How would you cause water to boil (a) at U0‘ and (6) at 10C°C. ? 
What would be the pressure when the s.p, is 60° C. 1 At what temperature 
would water boil on the top of Mount Blanc if the barometer stood at 
ISO mm. ? 

2. What difference in volume would be caused in 600 c. 0 . of dry air 
(free to expand or contract) at 700 miu. pressure and 20° C. if a few c.o.s of 
water wore introduced without altering tho pressure and the temperature? 
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8. In a chemical experiment BOO e.e. of gas was collected over water at 
30° 0. and 790 mm. What volume will the dry gas ocoupy at 760 mm. and 
0 ° 0.7 

4. It is desired to Infer from a volume measurement the mass of s 
quantity of air confined in a graduated tube over water. What observations 
most be made? o. j. 

6. How is the saturation pressure of aqueous vapour at ordinary 
temperatures measured? A little water liee on the top of the meiour;. 
column in a barometer. What error would be made if this barometer were 
used to measure the pressure of the atmosphere? Would the error he the 
same on a cold day as on a warm day ? o. i. 

6. Describe experiments which show that (a) the vapour pressure ot 

ether is greater than that of water, (b) that the vapour pressure of water at 
boiling point is equal to atmospheric pressure. o. <k o. J. 

7. Calculate the boiling point error of a thermometer which registers 
99 8° O. in steam when the barometer reading is 747 9 mm. 


Examples XXIII b (Htoromutby). 

1. Account for the fact that, when a glass of cold water is brought into 
a hot room, moisture condenses on the outside of the glass, (o. j.) W r hy 
does not this occur usually on a cold winter day ? 

3. How would yon determine the amount of water vapour actually 
present in a given quantity of air? 

Sketch the apparatus required. 

8. What is meant by the “ liygrometrie state ” of the air? 

Describe a method of determining it, showing exactly how it may be 
calculated from the observations made? o. i. 

4. What is meant by “Dew point”? Describe Daniel!’* hygrometer 

and explain clearly the phenomena that occur when it is used for ascertain¬ 
ing the dew point. o. j. 

5. Explain why the reading of a thermometer whose bnlb is covered 
with a wet doth is usually different irom that of another placed near H 
whose bulb is bare. 

State, giving reasons, under what circumstances you would expect the 
difference to he increased or diminished. o. j. 
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6. Why would yon expect (a) log* round iceberge, (6) e morning fog to 
clear before mid-day? 

7. Sketch and describe tine’s Hygrometer. 

In what way is it an improvement on Dauiell’e Hygrometer? 

8. Explain how (a) the relative i umidity and (i) the dew point may be 
determined from the readings of the wet- and dry-bulb hygrometer. Of 
what practical value m every day life is ihe determination of the relative 
hamidity l 

9. What arc the most favourable ccnditiona for the heavy deposit of 
dew. 

Describe the simple forme of hygrosonpe? O. J. 

10. The S.W. wind prevails in England and generally brings rain. 

Account for this. o. J. 



CHAPTER XXIV. 

CONDUCTION AND CONVECTION. 

149. Heat may leave a body in three ways: (a) by con 
duction, (4) by convection and (c) by radiation. 

Conduction. The handle of the tea-pot, the kettle or the 
saucepan is hot because heat is conducted along the metal 
from the boiling water inside the vessel. Metals are good 
conductors of heat. A wooden handle is fitted to the saucepan, 
or a woollen kettle holder is used so that we can take hold of the 
hot inetal, because wood and wool are bad conductors of heat. 

Convection. If we heat an iron ball red hot and suspend 
it by a fine wire, very little heat leaves the iron by conduction 
because the channel through which heat is conducted, viz. the 
wire, is thin. A lighted taper held above the heated iron 
flickers; it is burning in a current of air heated by contact with 
the hot ball, each particle of air carrying away heat energy; the 
air expands on being heated, is rendered less dense and conse¬ 
quently it rises. Heat is being removed by a convection 
current in the air rising from the ball. 

Radiation. But we also feel the heat from the iron if we 
place our hands around or below it. If we hang up the red hot 
ball under the receiver of an air pump and exhaust the air, yet 
the ball gives out beat. Heat energy can be carried across a 
vacuum and through the glass by radiation. Radiant energy 
from the sun, in the forms of heat and light, traverses millions of 



Conduction 


241 


149 - 150 ] 

miles being conveyed by the ether of space. All the heavenly 
bodies and the earth itself are cooling through loss' of heat into 
space by radiation, Radiant heat does not t vann. the medium 
through which it passes. 

1 A) CONDUCTION. 

150. Relative Conductivity. 

To enow tii« ICeiattvu Conductivity of several substanoee. 

Fig. ISO sIkays a method of comparing the conductivities of Silver, 
Copper, Brass, Aluminium, Zinc, Wrought lion, Steel, Glass and Wood. 
Bods ( C) of '.hr turuc iniijth c.d thirknfts ais fitted through corks into a 
trough A.B into which boning wt-Ur may U placed. Before adding the hot 
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water the apparatus r> jrepared by dipping the rods in a hath of melted 
paraffin wax so that the. are coated equally. The rods arc protected from 
radiation from the hot tank hv a perforated cardboard shield, not shown in 
the figure, through which the rods protrude. The metals are given above in 
the order of their conductivities, v.hicb are proportional to the square of the 
length of wax melted ..lorg the rod. The wax on the glass and wooden rods 
is scarcely affected. 

The above experiment may be shown more giaphically by using a device 
suggested by Mr EiWi. The rods are plaoed vertically (Fig. 181) and each 

16 


.B. K. P. 
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is fitted with a ring to which a pointer is attaohed. The ring is coated with 
paraffin by which it is held in position, touching the can into which hot 
water is ponred. As the wax melts the ring and index full down the rods by 
their own weight until they are arrested by the wax congealing on the cooler 
part of the rods. The rods shown in Fig. 181 are (reading from loft to right) 
steel, brass and copper. 

151. Comparizon of Conductivities of Brass, 
Copper and Iron by sensitized paper'. 

•Bxp. Three wires abont 14 inches long and j*, inch diameter of the 
different metals are bent at right angles (A) near their ends and placed as 
shown in Fig. 182 on a pieoe of sensitized paper supported on a board. The 



wires dip into a boiling-tube through which passes a current of steam from 
a boiler. A piece of cardboard perforated with three holes protects the paper 
from the souroe of heat. After heating at 100° C. for about 20 minutes a 
steady temperature is obtained. Lift eaoh wire and mark with a penoil 
(C, B, l } the end of the gTeen mark. Measure the distance of C, B 
and I from the right angle bend A = (Bay) Copper 10, Brass 5’B, Iron 4-6; 
then their relative conductivities are approximately as the squares of these 
numbers, i.e. 100 : 30 : 20. 

[N.B. If preferred the beaker may be roplaoed by a cruoible containing 
mercury heated by means of a burner and a oopper rod (see Fig, 184).) 

152. Bxp. The rate at which a piece of metal 

baoomea heated when placed in contact with a hot body depends partly on 

1 Sensitised Paper —prepared by soaking sheets of thick filter paper or 
cartridge paper in a solution of Cobalt Chloride or Bromide. The sheets 
should be slowly but thoroughly dried. Heat turns them a light apple-green 
colour, but on cooling in a moist atmosphere the original condition is 
restored. 
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its conductivity and partly on It* iprcific heat. Fig.' 183 show* a rod of lead 
and a rod of iron of the same size protruding from a trough. MarbleB are 
attached to the rods at equal intervals by paraflin wax. When hot water iB 
poured into the trough the marbles fall el 3rm more rapidly from the lead 



Fig. 183. 


rod, but ultimately a greater number am melted off the iron rod. Lead, 
having a lower tyenfic heat ( 031) than iron (113). absorbs Ibbs heat in being 
raised to a eertaiu temper ature, heucr the lead la more rapidly heated, but 
as its couductivity is less than that of iron, ultimately the paraflin iB melted 
Vi a greater distance along the iron bar. 

The action of Wire Gauze in conducting heat from 
a flame and it? application to the Davy Safety Lamp. 

See Exp Ectencc n. Chemistry, § 116. 

153. To prove that water 1 b a bad conductor of 
heat. 

•Exp. Pot a piece of ioe into a large test tube and drop in on the top a 
piece of crumpled wire gauze which just flts the tube in order to keep the iee 
at the bottom. Nearly fill the tube with water, and by playing tho Bunsen 
Sams on the upper part of the tube boil the water near the surface while the 
ioe remains unmelted at the bottom of the tubo. 

To show that mercury is a 
good conductor of heat. 

Wrap a piece of tennli’ed paper round 
a test tube containing mercury Into which 
a thick copper rod is dipping (Fig. 181). 

Heat from a Bunsen burner is conducted by 
the rod to the upper surface of the mercury. 

A green oolonration spreads dowowardB on 
the paper, showing that the liquid metal is 
a good conductor ol heat. 
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154. Oases are bad conductors of beat. 

The warmth of our clothes depends not so much on actual 
weight of material as on the amount of air which they keep 
enclosed in their texture. Thus a loosely woven cloth is often 
oppressive to wear when there is no wind because of the envelope 
of air with which it surrounds our bodies. 

Birds on cold days fluff out their feathers to make a thicker 
coat, not of feathers, but of air. 

In a cold country double windows and doora are fitted in the 
houses becauso the enclosed air is a bad conductor of heat. 

If we wish to keep ice from melting on a hot day, we wrap it 
in loose flannel. 

155. Absolute Conductivity. 

The amount of heat which passes in 1 second through a cubic 
centimetre of the material when the difference in temperature 
between two opposite faces of the cube is 1“ C. is a measure of the 
absolute conductivity of the material. 

Imagine for instance that we have a plate of coppor 1 cm 
thick and that we mark out square centimetres, 
one on each side of the plate, so that if we joined 
the corners of these squares we should form a 
cubic centimetre (Fig. 185) and that we maintain 
the temperature of one side of the plate at 1* C. 
above that of the other side, then the number of 
calories carried through the cubic centimetie in 
rich second is called the Coefficient of thermal conduc¬ 
tivity ( k). 

If Q = quantity of heat transmitted through a plate of A sq. 
cm. area, and of thickness d cm., in l seconds, when the difference 
in temperature is 6° between the two sides, then, if we make A, 
cl, t and 0 all equal to unity, we obtain the value of k, then 

, Q x d 



Fig. 185. 
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Coefficients of Thermal Conductivity (in Calories). 


Stiver 

1 -33 i 

Water 

002 

Copper 

0 68 | 

Class 

0003 

Brass 

0 32 : 

W oo! 

00012 

Trot. 

0-20 

Air 

oOOOo 


(B) CONVECTION. 

156. When a liquid or a gis is heated it is almost im- 
pos^>l le ’hit the tcmpeiuture of the whole mass should rise 
equally th: onqhout the tlu' 1. Consc quontly differences of density 
occur according to differences m lemperatnre. The colder and 
den er parts tend to sink, the hotter and h-ss douse tend to rise 
Thus a ejaculation takes place and currents are set up by which 
the heat is distributed more evenly. It should he noted that the 
heat xa carried by the substance of the jhnd actually n-ormtr from 
one place to another , the movement Lnng due to difference of 
density. 

To show convection in liquids. 

*Exp. i Put small pieoes of filter p.-.prr or pour & 
little amline dye d.saolved iu (pint, carefull", on to th> 
surface >f coU wter contained m a iatve beaker. Warm 
the water by a tlame concentrated a.R much a» possible 
under the centre of the beater. I'esonoe errierly the 
.in. chon of the convection currents set up in the water. 

*Bxp. ii. Float a large lump of ice at one mde of a 
large beaker of tepid water; when the watei is apparently 
sta’l diop in annirte dye near th6 ice. Oescr.be and 
erplsin wbat you see take pV-e. 

Hot water apparatus. (Model shown in 
Pig. 186.) 

Bxp. AC in a corked funnel open at the (op connected 
by tubes A Ti and CDE to a flask. Arrange that the upper 
end A of A It is abore C, and that the lower erid B is above 
E. Pour water into the tunnel AC and completely fill tbs 

% 



Fig. 186. 
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apparatus. Put some magenta dye into A C and warm the lower flask with 
the Bansen flame. Convection currents are set up which move in the 
direction BAGDE. This is a model ot the apparatus need tor heating 
buildings by hot water pipes and radiaton. 

Ocean Current*. The surface currents of the oceans are 
mainly due to the prevailing winds, but there is a much vaster 
though slower movement of the waters at great depths towards 
the equator. This general abysmal current is known aB “ the 
ocean creep.” As the equatorial regions are warm and the polar 
regions cold, there tends to be a flow of warm surface water 
northward and southward from the equator to take the place of 
the colder water which sinks to the bottom of the oceans in 
higher latitudes. 

The Gulf Stream is not a deep seated current; it is for the 
most part a surface drift-current caused by the Trade winds 
carrying the warm waters of the Tropics towards the southern 
part of the Gulf of Mexico. The configurution of the land causes 
this warm stream to issue south of Florida and the prevailing 
south-westerly winds carry it across the Atlantic towards Britain 
and Norway. Consequently the climate of England is much 
milder than that of Labrador at the corresponding latitude on 
the other side of the Atlantic, where a southerly current carries 
drift ice from Baffin's Bay. 

157. To show convection In gaaea. 

4 Exp. 1. Place a large lamp chimney over a 
or.ndU burning in a dish containing a little water. 
Pul into the chimney a sheet of tin cut in the shape 
of the letter T (Fig. 187). Plaoe a (smouldering 
piece of brown paper neaT the top of the chimney 
and notice that there is an in- and down-current and 
an out- and up-ourrent on opposite aides of the tin. 

Exp. ii. model to show ventilation in mines. 
Fig. 188 showe a box connecting two chimneys, at 
the bottom of one of which s candle is burning. The 
einoke from smouldering paper is carried down the 
ohimney, which has no candle at its base. In some 
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mineis, two shafts are sunk and a fire is kept burning at the base of one of 
them. A powerful current of air ascends this “up-Bhaftit is found that 
the deeper the shaft, the stronger the current becomes. The “ down-shaft” 
is used for raising the ooal to the surface. 



TV 188 . 


Ventilation of Rooms is often effected by the draught up the chimney 
when a fire is burning. Large halls are sometimes ventilated by removing 
the hot, impure air whi'b rises towards the roof, by a central shaft, com¬ 
municating with the outside, in which a row of Bunsen burners is kept 
lighted. 

Winds. Over a heated area of the earth there is always a 
rising current of air. Towards this heated aiea there is an 
inrush of air near the surface of the earth. The Trade Winds 
for instanco are caused by rising currents of air over the heated 
equatorial regions causing an inrush near the ocean from southern 
and northern legions. If the earth were a vast plane this inrush 
of air on either side of the equator would cause winds from due 
north and due south. But the earth is a sphere rotating on ita 
axis and the parts nearer the equator, because they describe 
greater circles of latitude, are moving faster than those to the 
north and south. The earth rotates from west to east, conse¬ 
quently a spectator facing east partially meets this inrushing 
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wind, much in the same way as a cyclist who finds when he is 
moving that there is an opposing wind, although when he was 
standing still its direction was across his path. Hence in the 
northern hemisphere the trade winds are from the N.E. but in 
the southern hemisphere from the S.E. 

Monsoons. As stated above there is always an inrush of 
air in the lower regions of the atmosphere towards a heated part 
of the earth’s surface. In summer Central Asia is a hot region ; 
on the other hand the Indian Ocean, owing to its high specific 
heat, is comparatively cool (§ 129). Stcaily winds consequently 
blow from the Ocean towards the continent. In winter however 
the reverse takes place as the land loses its heat rapidly through 
radiation and the sea is relatively at a higher temperature. The 
fact that in our northern winter Australia becomes a heated 
area aids in reversing the southern monsoons. 

Land and Sea Breezes. Similar changes on a small scale 
take place in summer round the coast prov ided there are no great 
disturbances, such as cyclones, in the atmosphere. By day a 
breeze comes in from the cooler sea to rise over the heated land, 
by night a land breeze moves out over the relatively warmer 
ocean. 


Examples XXIV a (Conduction). 

1. What do you mean by “Conduction of Beat"? Give examples to 
illustrate your answer. 

2. Describe an experiment to discover whether iron or lead conducts 

heat here. o. j. 

8. Why is it that to keep a block of ice in warm watuor we wrap it up 
in flannel and to keep our bodies warm we ohoos" flannei clothes? 

4. Desoribe and explain the aotion of a piece o! wire gauze on a flame. 
How is this aotion utilised in the safety lamp used by miners ? o. j. 

6. Three rods of equal size made of copper, iron, and lead respectively 
were ooatod with wax and fixed horizontally, each with cno end in a trough 
of boiling water. After a few minutes the wax was seen to have melted 
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farthest along the lead and least along the iron rod. Later no more war 
melted on any of them and it was noted that the copper had least nnmelted 
wax and the lead most. Which metal is the best a.'.d which the worst 
conductor? Account for the difference in the two sets of observations. 
Why did not the whole of the wax melt on each rod ? o. j. 

6. Describe an experiment to show that water is not a good conductor 

of heat, explaining your reasons fully. o. J. 

7. In what way could yon allow that u'.eicury is i good conductor of 

heat and air a bad oner o. 1 . 


Example XXTV b (Convection). 

1. Explain what is nr.n.t by the convection of heat. A lamp is held 

under a heaKer of wn'ei ir won " ' >nie sawdust is placed. Describe the 
movements of the sawdust. o. J. 

2. Account for the fact that wa'er can be boiled in a paper box withont 
the paper being charred. 

3. Some water is contained in a glass cylinder and is (a) heated for 

some time at its upper surface, (6) cooled for some time at its upper surface. 
State and explain what happens in each ease. o. J. 

-4. Apply the principle of convection to amount for the faot that at 
many places in the tropios the wind Hows from the sea to the land during 
the day and in the opposite direction during the night. o. J. 

5. In order to ventilate a room, shon'd the window be opened at the top 
ot at the bottom ? Give reasons for yoor answer 

6. Describe some method for ventilating mines 

7. Draw a diagram of a hot water system for heating a building, and 
explain its notion. 



CHAPTER XXV*. 

RADIATION AND TRANSFORMATION OF ENERGY. 

158. The ether of space and the analogy between 
heat and light. 

In § 149 it was pointed out that radiant energy not only 
travels across a vacuum but also through millions of miles of 
space from all the heavenly bodies. We know very little about 
the medium which conveys radiation : we call it the “ ether 
qf space." It transmits light as well as heat : it is not affected 
after transmission has taken place. Light energy and heat energy 
are found to be of the same order. Both travel in Mr,tight lines 
and with the same velocity (186,000 miles per second). In a 
solar eclipse the light and heat from the sun are cut off at the 
same instant and there is a clear and sharply cut shadow for both 
forms of radiant energy. It has been proved that both are a 
“mode of motion,’’transmitted as waves differing only in their 
wave lengths, i.e. in the distance between crest and crest of 
consecutive waves. Specialized parts of our bodies are affected 
by vibrations of certain wave lengths. Further analogy between 
light and heat as regards reflection and refraction is shown in 
§ 161. 

Bxp. If a current of electricity is passed through a spiral of thin 
platinum wire and the strength of the current is gradually increased, the 

1 May be omitted for the first reading. 
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wire becomes hotter and hotter anti! it glow* with a doll red eolonr, then it 
becomes white hot and finally It melts. Experiment has proved that the 
vibrations set op in the ether ronnd the wire differ in wave length; as the 
temperature rises the vibrations increase in rapidity and their wave lengths 
become shorter, those of approximately 700 to 400 millionths of a mm. in 
length affect the specialized part of oar bodies called the retina of the eye and 
produce what is called light, while these as well at the ribratiem of longer 
and of shorter wave-length produce the sensation of beat 


159. To show that the radiating qualities of 
surfaces vary. 


*Ercp. Two tin oanidtefs. (e.g. mustard tins) 
brightly polished and the other (B) thickly 
ooated with lamp-black >, b,-e each a thermo¬ 
meter fitted through a wooden lid (Fig. 189). 
Pour (1) hot water at about 80°Cl. into A and (2) 
an equal volume at slightly higher temperature 
into B. Note the time when both thermometers 
record the tame temperature and take thermo¬ 
meter readings every half-rr.iuute during 10 
minutes. Plot temperature/time curves on 
squared paper to show the relative rate* of 
cooling and thus compare the radiating qualities 
of polished tin and lamp-black. 


of equal site, the one (A) 



A B 

Fig. 189. 


(N.B. For use in a subsequent experiment [| 166] take the temperature 
of the surrounding air.) 


160. To show that good radiators are ^ood 
absorbers of heat. 

•Exp. In the last experiment we discovered that a dull black surface 
radiates heat more readily than a polished one. If the same canisters 
holding equal quantities of cold water at the same temperature are placed for 
the same length of time at equal distanoee from a source of heat (say a stova 
or hot fire) it will be found that th» water contained in the canister covered 
with lamp-black absorbs considerably more heat than the water in the 
polUhed tin. Read the thermometers every 6 minutes (during say 
20 minutes) and plot the results on squared paper. 

1 Hold the cold tin in the smoke of burning camphor or in a oandle 
flame. 
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161. Instruments for detecting and estimating 
Radiant Heat. 

(1) The Ether-Vapour Thermometer resembles an air thermometei 
(§ 11G, Fig. 157) except that the outside of the flask is covered with lamp¬ 
black {§ ICO) and contains a small quantity of ether coloured with an 
aniline dye. 

(2) The Thermopile consists of several pairs of rods of the metais 
Antimony M) and Bismuth (13) airanged alternately (1, 2, 3, 4, 5, Fig. 190], 
If the ends A and II of the series of rods are joined by a wire and the 
junctions 1, 3, 5, Vo. are heated, a current of electricity passes through the 
circuit. If the junctions are cooled the current is reversed. A sensitive 
galvanometer G detects the passage of the current and by its deflection 
measures the relative amount of radiant heat falling on the junctions. 



Fig. 1?0. Fig. 191. 


A thermopile having 36 pairs of rods packed side by side is shown in Fig. 
191. The junotions at the end’ of the rods are on the right and left in the fig. 

162. To show that heat is reflected from a polished 
surface. 

Bxp. Draw two dotted lines at an angle of about 90° on the benoh and 
above and parallel with these lines clamp two wide tin tubes (Fig. 192). AI 



Pig. 191 




2f>3 


101-163] Light and Heat compared 

the intersection of the two lines place in a vertical position a sluct of tinned 
iron with a pointer attached by which the tinned sheet may be rotated about a 
vertical axis. Place a ball of hot iron and a thermopile 1 (or ether-vapour 
thermometer) at the ends of the tubes as shown in the figure. Hove the 
pointer horizontally so as to rotate the sheet umil the maximum heat-reflection 
effect is shown by the thermopile (or thermometer). If the pointer is fitted at 
right angles to the plane of the sheet, the pointer will be found to biBect the 
angle between the dotted lines (see figure). I "pi-ice the ball with a lighted 
candle; on lookingdown the tube with the eye at tin position of the thermopile 
an image of the candle will be scon reflected in the polished tin Biuface. 

Retraction of heat as well as of lighL is shown w''«n the rays of the sun 
focused by a lens, used as a burning glass, are eonetmratfcj and set fire to 
a pieec of paper or touch wo , i. 

163. Revision Experiments. 

(i) Leslie’® Cube (Fig. 193). The four vertical sides of a cubical tin 
vessel are prepared as follows: (1) covered with lamp black. (2) polished 
grey, (3) painted white and (4) brightly pol'ihed. Place a theimopile 
about 18 inches from the oui»\ F:'l t’i« ”c ,l 'e" v.ith hot water and 
'uinpare the raduuiug quaint u of the tour su.’steo. 



r.g 133. Fig. 194. 


(ii) On a piece of tensilizcA paper (§ 151) paint in dull black colour a 
letter A ( = Absorption) and around this paint,, with aluminium paint, a 
reflecting Bquare as background (Fig. 194). When quite dry bring the 
painted surface near a source of heat; note and explain the colour changes 
observe 1 on the back of the sheet. 

1 The galvanometer and wires a r e omitted from the figure. 
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(iii) Set op two spherical mirrors opposite each other as shown in 
Fig. 195. Plaoe a hot matal ball at the focus of one mirror ami show by the 
thermopile that heat is reflected to the focus of the other. Darken the room 



Fig. 195. 


and show that if the hot bail is replaced by a candle flame an image of the 
flame may be obtained on a small disc of paper fitted on the end of the 
thermopile. 


164. Diathermancy. {Transmission of Heat.) 


We know that a sheet of glass is transparent to light, and, on 
the other hand, that a sheet of iron is opaque. Experience tells 
us that most solids and liquids are “opaque” to radiant heat. 
A sheet of iron, for instance, placed before the fire, completely 
screens ub from the heat. A sheet of glass interposed partially 
screens from the warmth of the fire, but a sheet of rock-salt 
scarcely screens at all. 

The word corresponding to transparency for light is dia¬ 
thermancy for heat. Rock-salt is almost perfectly diathermanous, 
glass is partially so, but iron does not transmit heat rsys. A 
solution of iodine in carbon bi-sulphide transmits heat energy (is 
diathermanous) but is opaque to light. Water transmits light 
but not heat rays. 



Fig. 196. 


To compare the diather¬ 
mancy (transmissive power) of 
(a) Rock-Salt and (6) Glass. 

Exp. The souroe of heat is a spiral of 
platinum wire (A, Fig. 196) through whloh a 
controlled current of eleotrioity is passed. 
Increasing the current causes the wire to 
become (1) hoi but non-luminous, (2) red-hot, 
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(8) white-hot. A thermopile (C) measures the relative amounts of heat 
transmitted. Thin sheets of the substances are interposed at B. 

Approximate results are as follows: 

Diathermancy of ufr = (say) 10. 


Subitonce 

(1) Wire (4) 
rot hot non- 
turn may* 

(2) W ire {A) 
red-hot 

(3) Wire (A) 
\ch\tr-hot 

Kock-Salt 

9 

9 

9 

Glass 

0 

1 

S 


It is evident then that glass screens the heat derived from a moderately hot 
body such as red-hot tiro bet transmits the beat of a hotter body such as the 
sun to c much p.-enter extent For this reason a hot-house with a glass roof 
retaine the heat tra-ic-uiited from the sun. 

165. Newton's Law of Cooling. 

Write down in columns the results of § 159 to show the rate of cooling of 
one of the cans of water, as follows: 

Temperature of outside air= * 0. 


1 

T*t^°— j Temperature 

i half oimate 1 of cooling 

] intervals ! 0 G» 

! i 

Fail in 

temperature per 
half-minute 

Average differ¬ 
ence in tempera¬ 
ture between 
ccolinc; vessel and 
sarroutnlir g air 

i -i 

jo/ |« 

(“1 

(a 


B'torn the values obtained in columns (3) and (4) ehow that when a body 
eooit it Joses »» n gircn interval of time quuntiliee of heat which are pro¬ 
portional to the difference in temperature between the cooling body and the 
unrounding air , i.s. rate of cooling is proportional to difference in tempera¬ 
ture. 
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160. The Mechanical Equiv alent of Heat. 

Reference Las already been made to the transformation of 
energy and to the fact that energy cannot be created or destroyed. 
In the years 1840—1843 James Prescott Joule of Manchester 
proved by experiment that there is always a definite relationship 
between the quantities of energy transformed. For instance, if a 
definite quantity of electric energy is passed through a particular 
coil of wire a definite quantity of beat is developed in the wire. 
Or again, if work is expended in stirring water in a calorimeter, 
the ratio between the work done arid heat generated is always 
constant. 

Joule's equivalent. The number of units of mechanical work 
equivalent to one unit of heat is called Joule’s equivalent (J) or 
the mechanical equivalent of heat. In Lat.. 45" and at sea level, 
Til foot-pounds of work are equivalent to the amount of heat 
required to raise 1 lb. of water 1* F., or 426 gram mo-metres of 
work are equivalent to 1 calorie. 



iris. m. 
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To determine Joule’s equivalent, “J.” ( The mechan¬ 
ical equivalent oj heat.) 

Professor Callendar’s apparatus for determining “ J ” is shown in Fig. 
197. It oonsiats of a drum-shaped calorimeter (C) which is rapidly rotated. 
A band-brake held tight by weights E and F opposes rotation, and work done 
against friction raise* the temperature of the water and calorimeter. TLeirorA 
done ia found by multiplying th 6 force (F gramj of friction, which is obtained 
from the difference in tension of the band on each aide of the drum, by the 
total diitanct (i cm.) through which a point on the cireumierenee move* 
during the experiment. The number of revolutions (n) ia read by the 
mechanical counter (.V). 

Then « = 2jrrxncro. [where r cm. = rndius of drum] 

and work done = f» = 2Firr» gram-cm. 

An electric motor M rotates the drum at the rate of about 100 revolutions 
per minute. 

The water equivalent (p) of the calorimeter Bhould be previously deter¬ 
mined- Abont 350 grams (SI) of water at about 0° C. bclo-j; the temperature 
of the laboratory is placed in the calorimeter and motioD is continued until 
the thermometer T register about 6° C. above the temperature of the 
laboratory. If 

t° C. = i .t,e in temperature, 

then Heat <lrveloped = (Af + /*) l calories, 

, . , 2Firrn 

Work equivalent to 1 calorie = J— ^ t gram-cm. 


Examples XXV a (Uadiation). 

1. What do you mean by “Hadiation” of heat? 

Give examples illustrating your answer. 

2. Describe experiments proving that the laws of reflection and refraction 
of light apply also to heat. 

5. How can the emissive (radiating) powers of different substanoes be 
compared? 

1 A room is heated by a radiator through which hot water circulates. 
Name all the processes by which heat is transmitted from the fire below the 
boiler to the radiator and from the radiator to the objects in the room. o. J. 

17 


n. e. p. 
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6. How can it be shewn that good absorbers ol heat are aIbo good 
radiators 7 

Why is glass used in the construction of greenhouses in spite of the fact 
that a glass screen will protect us from the heat of a fire 7 o.i. 

6. Four similar thermometers are plaoed as follows: No. 1. on graBS: 

No. 8, above ground, screened hut with free access for air; No. 8, unsoreened; 
No. 4, on a wall facing S. W. How would you expect their readings taken 
(a) shortly aftor sunset, (b) at noon, the sky being cloudless, to differ? 
Account for the difference of the readings. o. J. 

7. What do you mean by “Diathermancy”? 

Describe an experiment by which the diathermancy of various substances 
can be compared. 

8. Why is dew deposited more freely (a) on a lawn than on a gravel 
path; (6) on dear nights rather than on a windy cloudy night? 

9. Why does an island enjoy a more equable climate than a place in the 
same latitude on a continent? 


Examples XXV b (J oui.e’s Equivalent). 

1, If .7=1400 ft.-lb., from what height must 20 lb. of water fall in order 
to raise its temperature by 1°C. ? 

2. If a steam engine raises, with uniform speed, a mass of 600 lb. 
through a height of 193 ft., how much heat is used in the process? 

8. From what height must a piece of copper (s. n. =01) fall to tie 
ground in order to raise its temperature by 1°0. ? (J = 1390 ft. lb.) 

, 4. If an iron ball having a mass of 100 kilos falls from a height (I 

160 metres, how much ice at 0°0. oould be melted by the energy developed? 

6. If the energy liberated by the fall of a mass of 10 lb. from a height 
of 200 ft. oould be used in raising the temperature of 20 lb. of ioe at 20°F., 
how much would the temperature of the ice be raised? (».h. of lce = -6. 
.7 = 772 ft.-lb.) 



APPENDIX. 


To find the coefficient of expansion of air at 
constant pressure. 

Iu the method described in § 117, Btrong sulphuric acid is 
used to dry the air. This acid, being in contact with mercury, 
very slowly reacts with the metal and, as time elapses, a small 
quantity of sulphuious acid gas is liberated. If observations 
are taken soon after the higher temperature is reached, results 
show that the coefficient of expansion of this mixture of gases is 
the same as that of air. The advantage of the following method 
is that, as mercury is absent, no gas is liberated in drying the air. 


117. Alternative method. 



Fig. 198. 

A graduated capillary tube AR (Fig. 198) of 1 mm. In bore 
and 52 cm. in length is heated gently and its open end is dipped 
into strong tulphnric acid coloured black with indigo. As the 
air in the tube cools and contracts a thread of sulphuric acid (S) 

17-2 
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is drawn op the tube and encloses a small Yolume ( V) of dry air, 
A thermometer ( TT) is attached to the tube AH, and both are 
placed inside a wide glass tube of 2 cm. internal diameter, fitted 
with corks and clamped in a slightly sloping position. Steam is 
passed through the outer tube from a boiler B (see Fig. 198). The 
enclosed volume of air (F) is raised to the temperature of the 
steam and the thread of acid (S) is pushed along the capillary 
tube as the air expands. Readings are taken of the initial and 
final temperatures and volumes. 

The following observations were obtained in actual ex¬ 
periments :— 


Initial length 
of air 
column 7 t 

Final length 
of air 

column Fioo 

Initial 

temperature 

Final 

temperature 

Coefficient of 
expansion (for 
calculation 
see p. 194) 

225‘0 mm. 

287-0 mm. 

18-3 C 0. 

100° 0. 

•00358 

222-0 mm. 

286-0 mm. 

17-6° 0. 

100° 0. 

■00372 

223-5 mm. 

286-0 mm. 

18-7° 0. 

100° 0. 

-00368 

277’9 mm. 

860 0 mm. 

14-6° 0. 

99-8° 0. 

-003G5 

2I3'0 mm. 

278-0 mm. 

13-0° C. 

100-3° 0. 

•003G6 


Sole to Demonstrator. A piece of rubber tubing (/f), fitted with a clip, Is 
attached to the open end of the tube to close it ichen not xn me. The tube 
A.JR may then be stored in any position for future use. 


136. Bunsen's Icc Calorimeter (P°ig. 164, p. 216) con¬ 
sists of a test-tube B fused into a closed glass vessel A, the latter 
being filled with water and connected to a mercury gauge ODE, of 
cross section a sq. cm. Before use the whole apparatus is cooled 
to 0“ C. by placing it in a vessel containing melting ice. A coaling 
of ice it formed in A around B by placing alcohol cooled to (say) 
—20°C. in B or by blowing air through ether in B (§ 140). Raving 
removed all trace of alcohol (or ether) from B, M grams of the 
hot body (at say 100° C.) are introduced thereby melting some 
of the ice in A, Since 1-09 c,c. of ice on melting becomes 1 c.c. 
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of water, there is a diminution of volume of '09 c.c. per 1 gram 
of ice melted by the transference of 79-5 {= L) calories from the 
hot body. The volume of diminution (F) is found by noting the 
distance (d cm.) which the end of the mercury thread, E, recedes 
in the gauge, then V = ad c.c. 

grams of ice melted by the hot body — = m. 

heat lost by the hot body - mL = ^ L = MSt (seep. 216). 

In practice the actual volume of diminution is not calculated; 
the number of calories corresponding to a movement of unit 
distance of E on the gauge is obtained by a preliminary experi¬ 
ment of introducing water of known weight and at a known 
temperature into B, 




REVISION PAPERS (HEAT). 

OXFORD AND CAMBRIDGE LOCAL QUESTIONS. 

Paper A. 

1. Describe the construction of a mercury thermometer, pointing out the 
chief difficulties that have to be overcome in the process. 

2. State the requisites of a good thermometrio substanoe. What 
properties of water render it unsuitable ? 

3. For what purposes would you use an alcohol thermometer in 
preference to a mercurial thermometer and vice versa ? 

How would the measure of specific hoat be affected if the scale of 
temperature were changed from Centigrade to Fahrenheit? 

4. Describe a thermometer which registers the lowest temperature 
attained during a given time. 

6. What is the ooeffioient of linear expansion of a substance? Describe 
one method for determining its value practically. Give instances where 
manufacturers and engineers use or allow for the expansion and contraction 
of metals. 

6. What are the relations between the coefficients of linear, areal and 
cubical expansion of a solid body? Prove your statement. 

7. Describe any instance in which [a) heat is converted into work, 
(b) work into heat. 

8. What is the effect of a rise in temperature on the time recorded by a 
clock which has a pendulnm made entirely of steel? 

Draw and describe some form of compensated pendulum, and explain 
the principle of its action. 
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Paper B. 

1. How would you determine the “ fixed points ” of a thermometer, and 
graduate it? Would any correction be necessary if you did it on the top of 
a mountain or at the bottom of a mine ? 

2. How would you construct and graduate a simple form of air 
thermometer ? Explain why air is not a convenient form of thermometrio 
fluid for ordinary use. 

3. Describe any method of finding the coefficient of expansion of a 
liquid. 

4. In what respects does water differ from most other substances with 
regard to change of volume ? Describe experiments whioh would show this 
difference. 

6. State the law of the expansion of gases. 

Describe an experiment for determining the coefficient of expansion of 
air, and state the numerical amount. 

6. Why can a thin platinum wire be sealed into a glass tube so as to 
make an air-tight joint? 

In what respects do gaseB when expanding under the application of heat 
behave differently from liquids and solids T 

7. Draw and describe a thermometer for measuring maximum and 
minimum temperatures. Explain clearly how the instrument would behave 
during (a) a rise, ( b ) a fall, of temperature. 

8. Heat is said to be a form of "Energy.” 

Explain the meaning of this statement, and give evidence in support 
of it. 


Paper 0. 

1. State Boyle’s Law and show how you would verify it for pressures 
greater or less than one atmosphere. 

2. How is the Weight Thermometer used for finding the coefficient of 
expansion of a liquid? 

3. Give au account of an experiment by which you eould find the 
temperature at which water has its greatest density. 

4. Give a definition of temperature and explain why it must be dis¬ 
tinguished from quantity of heat. 
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6 . State the principle of the “method of mixtures ” in calorimetry. In 
actual practice what precautions are necessary in the determination of the 
specific heat of a metal by this method? Give reasons. 

6. Define water-equivalent of a calorimeter. How would you arrange an 
experiment to find the w. a. of a calorimeter of unknown apeeifia lieat? What 
do you mean by heat-capacity of a oalorimeter? 

7. State the I.aws of Fusion and explain how the latent heat of fusion 
of ice may be found experimentally. 

8. State how yon conld show that a gaa gains heat when compressed and 
loses hoat when it expands. 

Account for both facts. 


Papkb D. 

1. Defino a unit quantity of heat. Describe any experiment which 
proves that different bodies which have the same ma~s and also the same 
temperature t and fall to the same temperature t' may give out very different 
quantities of heat in the process. 

2. A quantity of water is cooled from 20° 0. until it becomes ice below 
0° C. Trace the changes in volume which occur as the temperature changes. 

3. Eiplain how you would find the specific heat of a substance by the 
fusion of ice. 

4. A heavy weight is attached to a loop of copper wire placed round the 
middle of a horizontal block of ice which is supported at each end. Describe 
and explain what happens. 

Would any difference be noticed if a loop of strong silk thread were 
substituted lot the copper wire? Give reasons. 

6. 8tate the Laws of Ebullition. Describe carefully an experiment to 
show the effect of the reduction of pressure on the boiling-point of water. 

#. Describe a method of measuring the pressure of water-vapour at any 
temperature between 0° C. and 100° C. 

7. What do you mean by Latent Hpat of Vaporization of a substance? 
State bow you would determine it experimentally. 

8. What is the relation between Heat and Energy? Describe any 
experiment in which a measurable quantity of work is converted into a 
measurable quantity of heat- 


17 
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Papeb E. 

X. Define the terms Conduction, Convection, and Radiation, and 
illustrate their meanings by referenoe to familiar phenomena. 

2. Explain what is meant by maximum vapour pressure. How is the 
B. r. of water related to Its v. F.? Describe an experiment showing this 
relation. 

8. What are the ohlef differences between a saturated and unsaturated 
vapour? On what conditions does the deposition of dew depend? 

4. Apply the theory of convection to explain (a) trade windB, (b) land 
and sea breezes, (c) the heating of buildings by hot water. 

6. Define the terms : calorie, tpecific heat, Latent Heat of Water, Latent 
Heat of Steam, mechanical equivalent of heat, dew-point. 

6. Describe an experiment for comparing the oonduoting powers of 
different materials. What uses are made of good and bad conductors? 

7. What are the principal characteristics of the three Btates of matter? 

State precisely what is meant by boiling-point and freezing-pom t. How 

are they affected by change of pressure? Explain the cause of the 
phenomenon known as regelation. 

8. Two bnlbs, A and B, connected by a tube, oontain water and water 
vapour only, most of the water being in B. State and explain what happens 
when the bulb A is immersed in a freezing mixture of common sail and ioe. 


SENIOR LOCAL EXAMINATION QUESTIONS. 

Thermometers. 

1. Give the exact meaning of “degree Centigrade” and “thermal 
unit.” Explain the difference between "temperature” and “quantity of 
heat.” A thermometer is constructed so as to read 10° when plaoed in 
melting ioe and 75° when immersed in steam from water boiling under the 
normal pressure. What Centigrade readiDgB correspond to (a) - 6°, ( b ) 25° 
on this thermometer ? 

2. Explain why the temperature of the vapour issuing from a boiling 
solution of salt is lower than the temperature of the eolation. A thermo¬ 
meter registers 99'2° C. lor the boiling-point of water when the barometer 
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stands at 74-5 oms. What correction, if any, must he applied to the ther¬ 
mometer reading? (A variation of 1 cm. from the normal height of the 
barometer alters the boiling-point of water by 0-37° C.) 

3. A mercury thermometer and an alcohol thermometer agree in their 
readings at 0° C. and at 50° C. but differ at intermediate temperatures. To 
what causes may these differences he due? A thermometer registered 
31-8° F. for the freezing-point and 212*4° F. for the boiling-point of water. 
The correct boiling-point under the observed pressure was 211*4° F. Find 
graphically or otherwise what corrections muBt be applied to a reading of 
162° F., assuming that the bore ia of uniform seotiou. 

4. A thermometer whose graduations indicate unknown but equal 
intervals of temperature is immersed in a bath with a Centigrade thermo¬ 
meter. The thermometer indicates 48° and 43° when the Centigrade ther¬ 
mometer indicates 68° and 48° respectively. What temperatures would the 
thermometer indicate at the freezing-point and boiling-point of water? 

Coefficient of Expansion—Liquids. 

6. Describe an experiment (preferably one you have performed) to 
determine the coefficient of apparent expansion of a liquid. State the ohiel 
precautions necessary to ensure accuracy. 

A glass weight thermometer weiguu 20 gm. when empty and 470 gm. 
when full ol mercury at 0° C. After heating to 100° C., fi S5 gm. of mercury 
escape. Calculate the coefficient of cubical expansion of glass. (Coefficient 
of real expansion of mercury = 000182.) 

6. Explain the principle of a method of determining the coefficient of 
absolute expansion of turpentino (boiling-point of turpentine = 157° C.) by 
means of a U-lube. At what stage of the experiment should the height of 
the liquid in the cold limb be taken, and why 7 

If the height of one column at 0° C. is 61 oms. what will be the height ol 
the other column at 100° C. if the coefficient of expansion of turpentine is 
■00103 7 

7. Explain briefly how you would determine the coefficient of apparent 
expansion of turpentine (b.f. = 157° C.) betwoen 0° C. and 100° C., and state 
in detail the practical precautions necessary for success. If the weight of 
liqnid which fills a vessel at 0" C. is 60 gm. what weight of it will overflow 
at 100° C. if the coefficient of apparent expansion in this vessel is '00102 7 

8. Explain how the coefficient of absolute expansion of a liquid can be 
obtained by using a weight thermomoter. A quartz tube is exactly filled 
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with 100 gm. of mercury at 0° C., and when the temperature is raised to 
100° C. it is found that a mass of 1-75 gm. of meroury overflows. If the 
coefficient of expansion of mercury is ’00018 per degree, find the coefficient 
of cubical expansion of the quartz. 

9. Define coefficient of cubical expansion. What is meant by the state¬ 
ment that between 100“’ and 200° the mean coefficient of expansion of mercury 

xjVx J 

A weight thermometer contains at 0° C. 65’8 gm. of mercury. On 
the thermometer being heated to 100° C. one gram of mei cury escapes. 
Assuming the coefficient of expansion of mercury between 0 J and 1U0 C is 
ix'tigf calculate that of glass. 

Specific Heat. Latent Heat. 

10. What is meant by the “ heat capacity” of a body ? A piece of lead 
at 99° C. is placed in a calorimeter containing 200 gm. of water at 15“ C. 
The temperature after stirring is 21° C. The calorimeter weighs 40 gin. 
and is made of material of specific heat ■= 0-1. Calculate the heat capacity 
of the pieoe of lead. 

11. A substance at 98’6 C C. weighing 87 gm. was dropped into a Bunsen 
ice calorimeter. The diminution in volume observed was 7’9 c mm. Cal¬ 
culate the specific heat of the substance. Wlnvt are the special advantages 
of Bunsen’s calorimeter? (Specific gravity of ice-’917 ; latent heat of ioe 
= 80.) 

12. An iron vessel weighing 7’6 grn. contains 15 gm. of a body which 
melts at 69° C. and which has a specific heat of '75 when liquid and ’32 
when solid. If the latent heat of fusiou of the body is 91, calculate the 
quantity of heat lost by the vessel and its contonts in cooling from 90° C. 
to 40° 0. (Specific heat of iron =11.) 

13. Desoribe how to measure the specifio heat of (u) ice, (?») steam. 
Give a detailed account with full explanations of the mode of procedure 
followed id determining the specific heat of a liquid by the method of cooling 

14. Explain how the specific heat of a substance is found by Bunsen’s 
calorimeter. 

Describe an ice-block calorimeter, and Btate the relative advantages of 
Bunsen’s, 

15. Explain the nature of the latent heat of steam. Assuming that the 
total quantity of heat, in calories, requiied to raise 1 gm. of water in tempe¬ 
rature from 0° to T° and to convert it into steam at T° is 606 5 + '305T, 
calculate the latent heat of steam at 40°. 
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Conductivity. 

16. Explain the meaning of the statement: the mechanical equivalent 
of heat is 1400 foot-lb. From what height must 20 lb. of water fall in 
order to raise its temperature by 1° C., assuming that no heat is lost? 

17. Describe a practical method of determining the thermal conductivity 
of liquid mercury. 

A plate of copper 0'5 cm. thick, and 100 sq. cm. in area, is in contact 
with steam at 100 ° G. on one side and with melting ice on the other. Cal¬ 
culate (a) how muoh steam will be condensed in an hour, (fc) how much ice 
will be melted in the same time ? 

Conductivity of copper in c.g.s. nnits = 1108 (calories). Latent heat of 
water = 80. Latont heat of steam = 540. 

18. The temperature of one face of an iron plate is kept at 100° C., 
while that of the opposite face is 60° O.; the thickness of the plate is -5 cm. 
and the speoifio conductivity of the substance is 12 calorie. Find in calorieB 
the total quantity of heat whioh in 30 mins, passes through each sq. om. of 
the plate. 

19. What is the measure of the conducting power of a body for heat? 
The thermal conductivity of iron is ‘16. An iron boiler has a surface of 
4 sq. metres and a thickness of -75 cm. The water in the boiler is kept at 
100" C. and the heating surface at 200° 0. Find the number of kilograms 
of water evaporated in 30 mins, if latent heat of steam is 536 cal. per gm. 

Mechanical Equivalent of Heat. 

20. Describe two distinct experiments in support of the statement, “heat 
is a form of energy.” 

From what height must a piece of copper (b.h. = '1) fall to the ground in 
order to raise its temperature hy 1" C., assuming that it imparts no heat to 
anything else ? (The mechanical equivalent of heat is 1390 when the pound, 
foot and Centigrade degree are the units of measurement.) 

21. What is meant by the “mechanical equivalent of heat ” ? Assuming 
that the mechanical equivalent of heat is 42 x 10® ergs and that the specific 
heat of copper is ], and the melting-point of copper 1080° C., caloulate with 
what velocity a bullet of copper muFt strike a non-oonducting target in order 
that the heat doveloped may be just sufficient to raise the temperature of the 
metal from 0° C. to its melting-point. 
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22. Explain what is meant by the statement that the mechanical equi¬ 
valent of heat is 42 x 10* ergs per oalorie. 

If a petrol engine converts into work 30 °j a of the heat supplied, find 
what power it will develop if it uses 100 c.o. of petrol per minute and each 
o.o. of petrol when burnt liberates 8000 calories. (A horse-power = 8 x 10* ergs 
per second.) 

23. Explain what is meant by the specifio heats of a gas at oonstant 
pressure and at constant volume. State which of these constants is the 
greater and give reasons for your answer. 

The capacity for heat of 22-4 litres of hydrogen at 760 mm. pressure and 
0" C. is 4-8 calories per degree Centigrade, when volume is kept constant. 
Calculate the heat absorbed when the same volume of hydrogen is raised in 
temperature 1° C. at constant pressure, it being assumed that the energy of 
a gas at the same temperature is constant. (Coefficient of expansion of 
hydrogen=,f T . Density of mercury = 13 6. Gravity = 981 o.o.s. units. 
Meoh. equivalent of heat = 42 x 10* ergs.) 


General. 

24. How would you oompare the absorbing powers of two partially 
transparent substances, such as glass and quartz, for radiant heat? 

It is found that a beam of radiant heat of a definite wave length loses 
jij of its energy in passing through 1 mm. of glass. What will be the in¬ 
tensity of the beam after it has passed through 3 mm. of glass ? 

26. Explain the following faots : 

<») When water is suddenly heated in a flask tho level of the water 
falls. 

(6) A piece of copper beoomes hotter than the same weight of water 
if they are heated equally for the same length of time. 

(e) Kneading snow makes it “ bind ” into a firm snowball. 

(d) On a cold evening moisture is deposited on the windows of a 
warm room. 



ANSWERS TO EXAMPLES. 

Examples I a. 

e. (a) 8700-1 m., (6) 3 7001 km. 7. 500. 8. 2-54 cm.; 0-3937 in. 

9. 29-92 in. 10. 2G00 mm. 11. S57S 75 m. 12. 3J hrs. 

13. 20 m. 14. 2 54 cm. 15. 012 mm. 

Examples I b. 

1. 8^. 2. (a) 22 in,, (5) 11 cm., (c) 15 84 dm. 8. (n) 14 yds., (5) 4-9 cm. 

4. (a) 29-75 yds., (5) 8-25 mm. 5. 68. 6. 28 m. 7. 44. 

8 . 6228 ml 9. 22 yds. 10. 7J. 

Examples II a. 

8. 5,000,105 sq. cm. 4, 6'4516 sq. om. 6. 1-196 sq. yds. 

6. 972 sq. cm.; 0-0972 sq. m. 7. 50. 8. 32 yds. 9. 42 sq. cm. 

10. 30 87 sq. in.; 199-92 sq. cm.; 6-47 sq. cm. 

a * 5 

11. (a) 14-35 eq. cm., (6) 63 5 sq. mu. ; (c) - sq. era. 

12. (a) 3-6 cm., (b) 5 6 cm,, (c) 12 in. 13. Heights: 15 cm.; Base = 6 cm. 

14. 176 sq. cm. 15. 2 325 lb. 

Exampies fin. 

1, (a) 60f sq. om., (1) 6-16. to. in., {e) 0-9360 sq. dm. 

2. (a) 7 cm., (6) 10 in., (c) 2 1 dm, 

8. (a) 154 sq. in., (6) 55 44 sq. cm., (.-) 38-5 sq. cm. , 

4. (<i) 87'12 sq. cm., (6) 440 sq. in., (c) 422-4 sq. in. 

6. (a) 8 cm., (5) 2210 cm., (e) 8 cm, 

6. («) 110 sq. in., (6) 47f sq. cm., (c) 22-5 sq. cm. 

7. (a) 22 91 sq. in., (6) 254-59 sq. in. 8. 1678 5 sq. yds. 9. 770 lb. 
10, 65 .{J sq. ft. 
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Examples III a. 

6. 16387064 o.mm. 7. 28-316 c.dm. 

8. (a) 24 96 ca. in., (6) 192-24 o.o. 9. (a) 4-2 in., (5) I B m. 

10. (a) 18-16 c.c., (b) 29-337 0 . 0 . 12. 11750 c.o. 13. 54 o.o. 

14. 160 L 15. 60 om. 16. 44 dayB. 

Examples III b. 

1. IllJ sq. mm. 2. 12-5 m. 3. 17 5 cm. 4. 0-1 cm. 

5. Height = 10 cm.; Diameter = 14 cm. 6. (a) 157$ c.o., (h) 46-2 c.c. 

7. 33 c.o. 8. 12 cm. 9. 38,808 oa. ft. 10. 1437J c.o. 

11. 1-44mm. 12. 3:1:2. 13. 12,728,571 eu. ft. 14. 170J cu. in. 

15. 884 o.o. 

Examples IV. 

6. 1664-535 gm.; 1-664535 kgm. 7. 4 gm.; 0-25 cm. 8. 3-5 mm. 

9. (a) 453-6 gm., (b) 2-204 lb. 10. 154 1b. 11. 139 c.c. 

12. 20 gm. 13. 28 gm. 14. 8-1185 gm. 16. 291. 16. 4 636 1. 

Miscellaneous Examples, Chs. I — IV. 

I. 500cm. 2. 8 8 sq. cm. 3. 300? sq. cm. 4. 100; 471? sq. yds. 

5. 3 ft. 6. 1-609 km. 7. 3850 sq. yds. 8. 19 rogm. 

9. 1mm. 10. 12J gal. 11. 100. 12. 48 sq.cm. 

13. 105 sq. in. 14. 6; 37. 15. 3375 1b. 1G. 96 km. 

17. 18-9 sq. om. 18. 45 sq. in. 19. 0-12 mm. 20. 2,‘j It. 

21. 981456 om. 22. 15 sq. ft. 40 sq. in. 23. 165,600 cu. m. 

24. 102? c.c. 25. 261 ou. yds. 27. 300 ou. ft. 28. £2. 4». 0 d. 
29. 13-9 ou. ft. 80. 5 57 ac. 

Examples V a. 

4. 0"5 gm. per c.o. 5. 19 3 gm. per c.o. 6. 1198 o.o. 

7. 39-6 gm. 8. 0 25 sq. cm. 9. 0 01cm. 10. 1114 gm. per o.o. 

II. 6 om. 12.flom. 

Examples Vb. 

4. 0*88 gm, per o.o, 5. 0*826. 6. 60 gm. 7. 86 gm. 

8. 1-01 gm. per c.o. 9. S20c.c. 10. J6gm. 11. 0-926 gm. pi-r c.c. 

12. 112 gm. per o.o. 13. 85 gm. 
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Examples V o. 



I. 

7 2. 2. 2 5. 

8. 86 gm. 4. 1-fi. 

S. 11-4. 




Examples VII. 



1. 

11 cm. 2. 

1-46 gm. 3. 39 395 gm. 

4. 1-6 

cm. 

6. 

1033 6 gm. 6. 

96 kgm.; 40 gm. 7. 260 lb. 

8. 2-5 

cm. 

9. 

69-7 kgm.; 51-25 m. 10. 34-56 ft 11. Q’91. 

12. 10 

cm. 

13. 

60 cm. 



Eiampi.es VIII. 


i. 

8-9. 2. 59-94 

gm. 3. 

27 gm. per 

o.o. 4. 124 kgm. 

6. 

2 5 gm. per a.c. 

6. 10-5. 7. 

40 61 gm. 

8. 160 gm.; 96 g m. 

9. 

3 o.o. 10. 189 1b 

11. 7-3 gm. per c. a. 

12. 21 gin. per o.o. 

13. 

10-24 gm. 14. 

1-4 cm 





Examples IX. 


1. 

6-7 o.o.; 4 -3 gm. 

2. 0 51. 

3- 45. 

4. 4789-7 ou. yds. 

5. 

15 cm.; 0-878. 

6. 8 c.o. 

7. 716,800 

cu. ft. 8. 1-512 ft. 

9. 

1-12; 16-47 cm. 

10. 1-2. 

11. 8-9. 

12. 101 gm. 


Examples X. 


1. 

0 00125 gm. 

per o. 

0 .; 71-24 gm. 2. 201-Gkgm. 

8. 1-27 gm. 

4. 

81-293 gm. 

5. 

12 03 gm. 6. 0-819, 

7. 28-7 cm. 

8. 

47-5 o.o. 

9. 

15-2 cm.; 70J om. 10. 380 

o.n.; 846-75o.o. 




Examples XI. 


1. 

10 5; 2 5 ; 890 gm 

2. 18 95 gm, 3. 40 gm. 

4. 2-5 )JgU 

6. 

0-13. 

7. 

2; 0-9. 8. 0 - 25 . 

10. KMTh. 

11. 

10-36 gm. per 

: c.c. 

12. 5 o.o.; 12-5 gm. 

13. 0-819. 

14. 

952 gm. 

15, 

901b. 10. 19-3, 17. 1020 om.; 816 cm. 

18. 

0-55 lb.; 571b. 

19. 112. 20. 11 ft. 21. 69 

-4 gm.; 9 9 gm. 

22. 

102G lb. 

23. 

25-36 gm. 21. 2 985. 25. 80 in. 




Examples XII. 


1. 

44 ft. per seo. 


2. 60 miles per hr. 


3. 

62 miles per hr.; 76 T 4 5 ft. per seo. 4. 393 miles. 5. 

36 miles perhr. 

6. 

Ill miles. 


7. 4 ft.-aeo. units; 24 ft. per seo. 

8. 3 seo. 

9. 

20 ft. per aeo. 

; 36 ft. per seo. 10. 3 ft.-seo. units; 200 ft. 

11. 

80 ft. per seo. 

; 2J i 

too. 12. 1} seo. 13. 

1600 ft.; 1 seo. 

11. 

112 ft. 

15. 

3 seo, after 1st is thrown; 48 ft. from ground. 
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Examples XIII. 

4. 2 lb. wt. 6. 6-6 lb. wt. at i 45° with 8 lb. wt 

6. 10 lb. wt. at L 87° with 8 lb. wt 7. 16 lb. wt. 

8. 25 lb. wt at L 87° with vertical. 9. 9 "8 lb. wt. at L 45° with string. 
10. 5 lb. wt | 8-7 lb. wt 11. 14 lb. wt. 

Examples XIY a. 

1. 71b. 2. 4 ft. from 9 lb. 8. 1ft 4. 1 ft. 8 in. 6. 80 gm. 

6. 1 ft. from 4 lb. wt. 7. 80 gm. 8. 15 lb. 

Examples XIV b. 

1. (a) 12 lb. wt.; 6 in. from 7 lb. wt., ( b } 70 gm. wt.; 4 cm. from 50 gm. wt. 

2. (a) 2 lb. wt.; 27in. from 11 lb. wt., (6) lOgm. wt.; 10cm. from 20gm. wt 

8. 8 lb. wt.; 8 ft. from Q. 4. (a) 8 lb. wt., (5) 6 lb. wt. 

6. ( b ) 83} lb.; 16} lb. 6. 5 lb.; 6 lb. 7. 1 ft. 4 in. from mam 
8. 8 ft. j 1 ft 9. 2} ft. 

Examples XIV a 

1. 1 ft. 10 in. from 2 lb. wt. 2. 47‘5 cm. 8. 9 in. from oentre. 
4. 1-9 in. from centre of AS. 6. 4} in. 7. } in. from oentre of square. 

8. in. 9. diameter from cen ire. 10. 8 in. from oentre of diao. 

Examples XV a. 

1. 1 yd. 2. 65 lb. 8. 60 lb. wt 4. 504 lb. wt. 

6. 2J lb. wt. 6. 16 lb. wt. 7. 120 lb. 8. 1 ft 8 in. 

9. 80001b. 10, (a) 6 lb. wt, (b) 4 - 2 in., (e) 6. 

Examples XV b. 

1, 14 lb. wt.; 8. 2. 4. 8. 1} tong. 4. 14 lb. wt 

6. (a) 121 lb. wt, ( b ) 10 lb. wt. 6. (a) 160 lb., (b) 156 lb. 

7. (a) Nnmber = 4; "VYeight = 2 lb. 8. 102} lb. B. 1201b. 

10. 16 lb. wt. 11. 1500 lb. 12. (a) 8 in., (6) 7 in. 

Examples XV o. 

1. 6 lb. wt 9. (a) 200, (6) 200 (c) 200 gm. wt. 8. 41} lb. 

OA 

4. (a) 10 lb. wt. , (b) —j= lb. wt. 

V 8 

6. (a) 20 J 3 lb. wt, (6) 60 lb. wt., (c) 60 V 3 lb - w *- 


6. 8) lb. 
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Examples XV d. 

1. 4 lb. wi 8. 13 lb. wt. 8. 150 gm. wt 

Examples XVI a. 

1. (a) 2 ft.-eeo. units, (ft ) 64 ft.-seo. units. 2. 25 lb. wi. 8 64 lb. 

4. 80 pdls. S, 72 ft. 6. 13,826 dynes. 7. 4 cm.-sec. unit*. 
8. 20 om. per sec. 9. 981 em.-seo. units. 10. 39-24 m. 

11. (a) 20 pdls., (ft) t lb. wi 12. (a) 25,667 lb. wi, (ft) 14,000 lb. wi 

Examples XVI b. 

1. (a) 150, (ft) 11, (e) 19,712,000. 2. 10 ft. per seo. 8. 44. 

4. (a) 525 pdls., (6) 5 25. 5. (a) 11-8125, (ft) 1181 pdls. 

6. 6} mi. per hr. 7. 13J ft. per seo.; 8J ft. per seo. 

Examples XVI a 

1. 2000 ft.-pdls. 2. 600 ergs. 8. (a) 16,000, (ft) 500. 

4. 102 7 lb. per ton. 5. (a) 8}J !b. wi, (ft) 98,’, lb. wt. 

Papbb A. 

1, 18 ft. per BOO.; 20° to AS. 2. (a) 3 ft.-seo. units, (ft) 200 ft. 

3. 6 ft -sec. units. 4. 4 seo. 6. 116 in. 7. 20 ft.-lb. 

8. 1 seo. alter shot is fired ; 1021 ft. from each. 9. (a) 9 :10, (ft) 27:10. 

Paper B. 

1. 80 lb. wt. 2. 90 lb. wt. 3. 14 gm, wt .; 8 am. from 20 gm. wt. 

4. 24 cm. 8. 4 1b. wi upwards on G; 16 lb. wt. downwards on D. 

8. -i?- lb. wt. 9. 1-6 oz. wi in AB; 1-2 oz. wt. in AG. 

s/3 

10. 6^/3 perpendicular to AB. 

Examples XVII {Thermometry). 

1. 16° C.; 60 -8° F. 2, 27°. 3. 59° F.; - 4° F.; 101° F,; 85-6° F. 

4. 40° 0. 6. -40°. 8. 2-5°. 7. 20° 0.; -5°C.;90°C.; -25°C. 

8. 40°. 9. 160° 0. 10. 674-G' F.j - 38-2° F. lL -80°. 

12. 10° 0. 18. -130° 0 .; 78-3° 0. 
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Examples XVIII (Expansion of Solids). 


1 . 

•000012. 

2. 

•006 yd. 

8. 

200° 0. 

4. 

100 om. 

5. 

200 057 cm. 

6. 

•000012. 

7. 

141 ft. 

8. 

20-019 cm. 

9. 

266-7° C. 

10. 

•0000086. 

11. 

1 -6 ft. 

12. 

■0000117. 

13. 

60 17 aq. ft. 

14. 

CO 522 cu. ft. 

15. 

•000019. 

16. 

22044-88 o.i 

17. 

2-00516 litres. 


18. 11-3 gm. 

per o.o. 





Examples XIX a (Expansion of Liquids). 

1. 201-24 o.o. 2. 35° 0. 8. -001. 4. GO gm. 6. 100 o.o. 

6. 8 05 gm. 7. -001. 8. 10 38 gm. 9. -00038. 10. 1000 c.o. 

11. -00123. 12. 7 16 0 . 0 . 13. -000026. 14, 13 36 gm. per o.o. 

15. -001. 16. -0009. 

Examples XIX b (Expansion of Gases). 

2. 2?gm. 8. 4. 119 O.o. 6. 01° C. 

7. -00364. 8. 91 o.o. 9. 0 o.o. 10. 00372. 

12. 600 o.o. 13. 152 cm. 14. 912 cm. 

16. 1071 05 o.o. 17. 273 o.o. 


Examples XX a (Calorimetry). 

1. 50,000 oals. 2. 123 gm. 8. 1600 cals. 4. (a) 20 calo., (5) 22cals. 
5. 32-1° 0. 6. 65° O. 7. 80 gm. 8. 200 oals.; Seals.; 5 gm. 

9. 87° O. 10. 20 oals. ; 2 gm. 11. 27 5° O. 12. 60 gm. 

Examples XX b (Specific Heat). 

I. (a) 760 oals., (b) 20°, (c) 80 gm. 2. -095. 8. 66 gm. 4. 20° O. 

5. 853° O. 6. 4 gm. 7. 43 6° 0. 8. -2. 9. -055. 10. 8449. 

11. -6. 12. -096. 

Examples XXI (Latent Heat of Fusion). 

1. 6gm. 2. 1900 oala. 8. 1100 cals. 4. 800 gm. 5. 20° C. 

6. 30 gm. 7. 40 gra. 8. 31-4° 0. 9. 80 cala. 10. 80 cals. 

II. 10 gm. 12. 80 cals. 13. 9-6 gm. 14. 2657 cala. 

15. 75-2° 0. 16. 0-5 o.o. 17. 80 oals. 18. 1000° 0. 

19. 8326-5 oala. 20. 18'8° 0. 21. 800 aala. 


1. 182o.o. 
6. 646“ C. 
IV. 455 0.6. 
16. 64-6 0.0. 
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Examples XXII (Latent IIkat or Vaporization). 


1. 

536 cals. 

2. 2680 cals. 

3. 

12-5 gm. 

4. 

31,300 cak. 

5. 

5B 6 gm. 

6. 11 

gm. 7. 

1 gm. 

8. 41 -3°C. 


9. 12-5° C. 

10. 

63G7 cals. 

11. 

636 cals. 

12. 

636 cals. 

13. 

716(1 cals. 

14. 

7^10 cals. 

IS. 

63 2° C. 

16. 

540 oala. 

17. 

2389 oala. 

18. 

34° C. 

19. 

29 54 gm. 






Examples 

XXIII. 

a (Vapour Pressur 

E). 


8. 

449 6 o.e. 

7. • 

25° C. 






Ex 

AM PLUS 

XXV B 

(Joule’ 

h Equivalent). 


1. 

1400 ft. 

2. 

69 lb. 'eg. 

C. units 

if J- 1400. 


a. 139 ft. 

4. 

407 gm. 

6. 

•26° F. 






SENIOR LOOAL EXAMINATION QUESTIONS. 

J. (a)-23A, [b) 23,S. 2. AAA -247>. 3. Bubtiact -0°F. 

4. p.p. = 19', b. 1.-09'. E. ■0''O0_'7. 6. 67 405 era. 

7. 4'63 gra. 8. -0<'0002. 9. 0000267. 10 15 09 cals. 

11. '0814. 12. 1891-2 cals, 16. 578'7 cals, 16. 1400 ft. 

17 ^ (a) 147-73 kilos, (M 997-2 1,ba. 13. 17280 cals. 19. 4583 kgm. 

20. 139 ft. 21. 3C.0( 0^/7 cm j>u boo. 22. 21 b.p. 

23. 6 "78 cals. 24. -729. 



INDEX. 

The number i refer to pa gee. 


Absolute temperature, 194 
Absorption ot heat, 263 
Acceleration, 110 
Air exerts pressure, 84-86 
Aqueous vapour, 232 
Archimedes’ principle, 70, 71 
Area, 20-27 

Barometer, 86-88 

,, Fortin’s, 87 

„ aneroid, 88 

Boiling, 220 

„ at reduced pressure, 229 

„ point, 174 

Boyle’s law, 91-93 
Bunsen flame, temp, of, 207 

Calipers, 6 
Calorie, 202 
Calorimeter, 204 

„ ice, 216, 216 
Calorimetry, 201 
Capillarity, 68 
Charles’ law, 193 
Cirole, 25 
Clouds, 236 
Cohesion, 67 
Conduction, 241 
Conductivities oompared, 243 
Conductivity, absolute, 244 
„ coefficient, 244 
Conductors, 248, 244 
Cone, 26 


Conservation of energy, 224 
Convection, 215 

„ ourrents, 246-248 

„ in gases and liquids, 

246-248 

Cooling, Newton’s law of, 255 
Couples, 137 
Cylinder, 26 

Day, mean solar, 13 
„ sidereal, 13 
Density, 46-60 

„ liquids (U tube), 68 
,, solid (Archimedes’), 72 
„ liquid „ 73 

,, floating solid, 73, 78 
,, liquid (flotation), 78 
„ (Hare’s apparatus), 89 
Dew, 237 
Dew-point, 233 
DiathermaDoy, 254 
Diffusion, 60 
Diving-bell, 101 

Effioienoy, 145 
Energy, 163 

,, conservation of, 224 
Equilibrium of forees, 123 
Erg, 163 
Evaporation, 219 
Expansion (solids), 179 

„ coefficient (linear), ISO- 
183 
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Expansion (liquids), 187-191 

„ real and apparent, 187 

„ coefficient (liquids), 188 

„ „ (absolute), 190 

„ (gases), 192-198 

„ coefficient (ga=es), 193 

„ water peculiar, 191 

Fire-engines, 97 
Floating and sinking, 77 
Fog, 237 
Force, 64 

„ absolute unit of, 161 

„ and acceleration, 114-118 

Forces, parallelogram of, 122-124 
„ resolution of, 126 
„ triangle of, 126 
Freezing point, 173 
„ mixtures, 214 
„ machines, 223 
Friction, 146 

„ value of, 114 

Oraphio representation length, 10 
,, two variables, 14 

„ dynamometer, 41 

„ velocity, 110 
,, acceleration, 112 
„ moments, 134 
Gravitation, Newton’s law of, 164 
Gravity, oentre of, 138-140 
Hail, 237 

Heat and temperaturo, 171 
„ unit of, 202 
„ capacity for, 203 
„ and light compared, 250 
„ transmission, 254 
Hope's apparatus, 191 
Hydraulic press, 99 
Hydrometers, 79-81 
Hydrostatio bellows, 99 
Hygrometers, 232-286 
Humidity, relative, 233-234 


Ioe calorimeters, 215, 216, 258 b 

Impulse, 160 

Inclined plane, 158, 154 

Joule’s equivalent (“J”), 256 
,, determination of, 257 

Latent heat of fusion, 212 

,, „ vaporization, 221 

Leslie’s cube, 253 
Lever, 148 
Liquid state, 56 

Machines, 144-164 
Mass, 85-37 

Matter, constitution of, 55 
,, properties of, 64-60 
Measurement, length unit of, 1 
„ curved linos, 4 

„ angular, 11 

„ time, 13 

,, area, 20-26 

,, volume, 28-32 

„ mass, 35-87 

„ weight, 38-41 

Meohanical advantage, 144, 146 
„ powers, 147 
„ equivalent of heat, 256 
Melting-point, 211 
Mercury in thermometers, 173 
Mist, 237 
Moments, 129-135 

„ principle of, 132 

Momentum, 159-160 
Motion, 108 

„ 1st law of, 158 

„ 2nd „ 158 

„ 3rd „ 161 

Ocean cnrrent3, 246 
Oceans, high b.h. of, 200 
Opisometer, 4 
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Parallel foroes, 185, 136 
Parallelogram area, 22 

,, of velocities, 121 

„ of forces, 122-124 

Pendulum, 14 

„ compensated, 184 
Polygon, funioular, 127 
Power, 168 

Pressure, measurement of, 61 
„ fluids transmit, 63, 64 

„ at a point, 65 

„ fluid-, 64-66 

„ in liquids, 87 

„ atmospheric, 83-88 

„ coefficient of gaseous-, 190 

Pulleys, 160-152 
Pumps, 95-98 

Itadiant heat, detection of, 252 
„ ,, reflection, 252, 254 

Radiating quality of surfaces, 251 
Radiation, 250-255 
Radiator* and absorbers, 251 
Ratio, v, 5 
Ratio, Velocity, 146 
Relative density, 47-50 
Retardation, 113 

Scale, use of, 3 
Screw, 6, 96 
Screw-gauge, 7 
Siphon, 100 
Bnow, 237 
Solid state, 59 
Bpeoifio gravity, 47 
„ heat, 203-208 

„ ,, (method of matures), 

205, 206 

„ ,, (method of cooling), 

207 

Speed, 108 


Sphere, 26 
Spherometer, 8 
Surface tension, 57 
Syringe, 95 

Temperature and heat, 161 
Thermometers, 172 

tl graduation ol 

175 

„ clinical, 176 

,, maximum, 1' 

,, minimum, 17 

„ Six’s, 177 

Trapezium, 23 
Triangle, 22 

,, of forces, 126 

Trolley, Fletcher’s, 116-118 

Vapour pressure, 226-232 
,, „ determination 

223 

.. „ (Renault's) 

Velocities, parallelogram of, 
Yelooity, 109 

,, ratio, 146 

Vernier, 9, 10 

Volume, measurement of, 20- 
„ uorrc-otion ofgases [p. 
195 

,. correction of (moisturq 
,, of cube, 28 
,, of cylinder, 29 
„ of prism, 29 
., of pyramid, 30 
„ of sphere, 30 

Weight, 38-41 
Wheel and axle, 149 
Work, 144 

„ absolute unit of, 163 
„ practical unit of, 162 
„ principle of, 145 
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